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REAL-GAS EFFECTS ASSOCIATED WITH ONE-DIMENSIONAL 
TRANSONIC FLOW OF CRYOGENIC NITROGEN 

Jerry B. Adcock 
Langley Research Center 


SUMMARY 

The cryogenic wind-tunnel concept that has been developed at 
the Langley Research Center uses nitrogen as the test gas. For 
the range of temperatures and pressures anticipated for tunnels of 
this type, a study has been made to determine the real-gas effects 
on one-dimensional isentropic and normal-shock flows. Real-gas 
calculations of these flows have been made, and the solutions were 
compared with the ideal diatomic gas solutions. This report pre- 
sents the details of the calculations and the tabulated results 
for stagnation temperatures of 300 K and below with stagnation 
pressures from 1 to 30 atmospheres. A detailed analysis is pre- 
sented for a range of conditions encompassing those under con- 
sideration in transonic cryogenic wind-tunnel designs. This anal- 
ysis, which is for stagnation pressures up to 10 atm, shows that 
the real-gas imperfections of nitrogen cause deviations of 1 per- 
cent or less in the various isentropic and normal-shock param- 
eters. If the maximum deviations in the isentropic and normal- 
shock parameters are indicative of the errors in simulation of 
two- and three-dimensional inviscid flows in a cryogenic tunnel, 
then the errors would be insignificant for most wind-tunnel 
investigations . 


INTRODUCTION 


In response to the need for new transonic wind tunnels which 
are capable of more nearly matching the flight Reynolds numbers of 
current and future air vehicles, the Langley Research Center has 
been studying and developing the cryogenic wind-tunnel concept. 
References 1 to 4 describe the cryogenic tunnel concept and the 
advantages of such a tunnel. As explained in reference 2, the 
method of cooling developed at the Langley Research Center con- 
sists of spraying liquid nitrogen directly into the tunnel cir- 
cuit. With this procedure, the test gas is dry nitrogen, and 
the tunnel can be operated at constant temperatures within the 
range from near 300 K down to saturation (approximately 80 K). 
Because of various practical considerations such as tunnel drive 
power and model strength limitations, a maximum tunnel operating 
pressure of less than 10 atm (1 atm = 101.32 kPa) is anticipated. 
Even for this limited pressure range, cryogenic nitrogen does not 
have the characteristics of an ideal diatomic gas; cryogenic 
nitrogen has both thermal imperfections (compressibility factor 
not equal to 1, fig. 1(a)) and caloric imperfections (specific 
heats not constant, fig. 1(b)). 

A study was therefore made to determine to what extent one- 
dimensional flows are affected by these real-gas imperfections. 
Selected results covering the operating range of the Langley 
1/3-meter transonic cryogenic tunnel, published in references 1 
to 3, indicate that cryogenic nitrogen is a valid test gas for 
these conditions. This paper presents the procedures used and 
extends the results to cover a wider range of conditions. 

Since air at the temperatures and pressures of transonic 
flight has essentially the characteristics of an ideal diatomic 
gas, the approach used here compares the real-gas isentropic and 
normal-shock flow solutions for nitrogen with the ideal diatomic 
gas solutions. The real-gas solutions are obtained by using the 
thermodynamic properties for nitrogen as given by Jacobsen 
(ref. 5). 
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Solutions covering transonic Mach numbers and a range of 
stagnation temperatures from 300 K to saturation and stagnation 
pressures from 1 to 30 atm are presented in tabular form. The 
pressure range is extended beyond that which is set by model and 
model support strength considerations. Figures are presented for 
a pressure range from 1 to 10 atm to illustrate the deviations 
from the ideal-gas solutions as a function of the various tunnel 
operating parameters. 


SYMBOLS 


A area 

a speed of sound (equal to W in table I) 

Lp pressure coefficient, — ^ — 


c length of airfoil or stream tube 

Cp specific heat at constant pressure 

Cy specific heat at constant volume 

H enthalpy 

M Mach number 

p pressure 

q dynamic pressure 

R Reynolds number per unit length 
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^ gas constant for nitrogen, 296,791 m^/sec^-K or 

2.92909 -10~3 atm-m3/kg-K 

S entropy 

T temperature 

U internal energy 

V flow velocity 

V specific volume, 1 /p 

X linear dimension along airfoil chord or along stream 

tube axis of symmetry 

2 compressibility factor, pv/RT 

0 isentropic expansion coefficient, p = P®(Constant) 

V ratio of specific heats, Cp/Cy 

V viscosity 

0 density (equal to D in tables I and II) 

Subscripts : 

• based on conditions at M = 1.0 

a,b signifies iterative values 

L local Mach number 

N nitrogen 



00 


free stream 


t stagnation conditions 

1 conditions upstream of shock 

2 conditions downstream of shock 

ISENTROPIC FLOW 

Exact real-gas solutions can be obtained for one-dimensional 
isentropic flow because of the relative simplicity of this flow. 
The more complicated two- and three-dimensional flows that occur 
in wind-tunnel tests pose a higher order of difficulty for exact 
real-gas analyses. Comparisons of the real-gas solutions for one- 
dimensional isentropic flows for nitrogen with those solutions for 
the ideal diatomic gas can give an indication of the order of mag- 
nitude of the real-gas effects for the more complicated flows. 

The applicable energy equation for isentropic flow is 

H + (1) 


Ideal-Gas Solutions 


An ideal gas, as defined here, is one that is both thermally 
and calorically perfect. Ideal gases have certain characteristics 
that make possible the transformation of equation (1) into more 
usable equations which express p, T, and p in terms of their 
corresponding stagnation value, Mach number, and specific heat 
ratio. These characteristics, which can be found in roost gas 
dynamics textbooks (see, for example, ref. 6), are stated briefly 
as follows: 
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For thermally perfect gases, 

(1) the thermal equation of state is pv = ®T; 

(2) the caloric equation of state is U = U(T) rather than 

U = U(p,T) or H = H(T) rather than H = H(p,T); 

(3) the specific heats are a function of temperature only 

are related by the equation 



For calorically perfect gases, the specific heats Cp and 
are independent of both temperature and pressure and, there- 
fore, are constant. For a gas to be calorically perfect, it 
must also be thermally perfect. 

As a result of these ideal-gas characteristics, the funda- 
mental equations for isentropic flow of an ideal gas are 


Y 

p = p^(Constant) = (Constant ) 





( 2 ) 


£ 

Pt ■ 



(3) 


p 

Pt 



( 4 ) 


A_ 

A* 




[l + 0.5(Y - 1 )m2] 


2(y-1) 


(5) 
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The isentropic flow parameters (eqs. (2) to (5)) for ideal 
gases are a function of Mach number and specific heat ratio y 
only. The value of y depends on the number of degrees of free- 
dom associated with the molecule. As mentioned earlier, air at 
the pressures and temperatures of atmospheric flight has the char- 
acteristics of an ideal diatomic gas for which the value of y is 
1.4. Therefore, solutions to equations (2) to (5) for a y of 
1.4 are compared with the real-gas solutions for cryogenic 
nitrogen. 


Real-Gas Solutions 


Real-gas solutions to the energy equation cannot be expressed 
in such simplified forms because the thermal equation of state 
p = p(p,T) typically has many terms on the right-hand side of the 
equation in order to describe adequately the variation of pressure 
with density and temperature over a wide range of these variables. 
Because of this complication, the thermodynamic properties such as 
internal energy, enthalpy, entropy, and the specific heats are 
also complicated functions of density and temperature. Therefore, 
solutions to the adiabatic energy equation are made by using a 
high-speed digital computer and iterative techniques. 

For the present analysis, Jacobsen's equation of state for 
nitrogen (ref. 5) is used. This equation was developed with a 
simultaneous fitting procedure where p - p - T data, specific heat 
data c^, and the criteria for phase equilibrium between saturated 
liquid and saturated vapor points were used. The specific heat 
data were used primarily to give an equation of state which 
exhibited the proper behavior of the first and second derivatives 
so that the calculated properties using these derivatives would be 
accurate. The density prediction accuracy of this equation of 
state is estimated to be within 0.2 percent for the temperature 
and pressure ranges covered in this report. Reference 5 also 
includes equations for the calculation of all the thermodynamic 
properties of nitrogen along with details (ref. 5, appendix D) of 
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the functions for evaluating the integrals and derivatives which 
appear in the equations. 

In the present analysis, extensive use is made of a National 
Bureau of Standards computer program which was based on Jacobsen's 
work. Extensions to this program permitted the adiabatic energy 
equation to be solved for the real gas, nitrogen. The flow chart 
given in figure 2 outlines the solution procedure. 

Isentropic Flow Results 


Real-gas isentropic flow solutions of the type just described 
have been obtained for expansions up to a Mach number of 2.0; this 
level is about the maximum local Mach number encountered in tran- 
sonic testing. These solutions cover stagnation pressures from 
1 to 30 atm and stagnation temperatures from 90 to 300 K. The 
pressure range is extended well beyond that anticipated for a 
transonic cryogenic wind tunnel so that flow solutions at constant 
unit Reynolds numbers could be compared over a wide range of tem- 
peratures. These flow solutions are presented in table I. The 
table key presented prior to the table gives the subdivisions and 
the parameters that are listed. 

The isentropic flow solutions are analyzed in the following 
manner. First, the deviation from the ideal diatomic gas values 
is presented for a range of wind-tunnel operating conditions 
including conditions of constant unit Reynolds number. Second, 
the implications of the deviations with regard to the adequacy of 
cryogenic nitrogen as a transonic test gas are illustrated by 
expanding nitrogen analytically through a contoured stream tube at 
various stagnation conditions. And, finally, the isentropic 
expansion coefficients for nitrogen are compared with the specific 
heat ratios for the same conditions. 
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Deviation of Isentropic Flow Parameters 


The deviation of each of the isentropic flow parameters for 
nitrogen from the corresponding ideal-gas value is illustrated in 
four summary figures. The stagnation-pressure range (1 to 10 atm) 
covers the extremes in pressure anticipated for transonic cryo- 
genic wind tunnels. For the comparisons at constant unit 
Reynolds numbers, the pressures have been allowed to go 
beyond this range. The lower temperature limits correspond 
to conditions of saturation. 

Pressure ratio p/p^.- In the temperature range of interest 
for cryogenic testing (that is, below about 150 K), the deviation 
of this parameter from the ideal value increases with decreasing 
temperature and with increasing pressure (fig. 3). For conditions 
of constant unit Reynolds number (fig. M), the deviations of the 
pressure ratio at saturation temperatures are in the same order as 
those at ambient temperatures (300 K). This result indicates that 
the real-gas effects for the high-pressure, ambient-temperature 
approach of achieving higher test Reynolds numbers are of the same 
order of magnitude as for the cryogenic wind-tunnel approach. 

The effect of Mach number on the deviation of the pressure 
ratio is not systematic (fig. 5). At temperatures near satura- 
tion, the deviation does increase with increasing Mach number, 
but because the saturation temperature is higher at the higher 
Mach numbers, the maximum deviation does not occur at the high- 
est Mach number (2.0). A maximum deviation of 0.8 percent occurs 
at the saturation temperature for a Mach number of about 1.4 
(fig. 6; 10 atm). At M = 1.4, this deviation is equivalent to 
a Mach number difference in the ideal gas of 0.006 or to the dif- 
ference which occurs when a different ideal gas having a 
Y = 1.380 is used. 

Temperature ratio T/T^.- Figures 7 to 10 show the real-gas 
effects on the temperature ratio. The deviation of the tempera- 
ture ratio increases with increases in stagnation pressure 
(fig. 7), with increases in Mach number (fig. 9), and with 


9 



decreases in temperature (figs. 7 and 9). At constant unit 
Reynolds numbers (fig. 8), the deviation of this ratio is nearly 
independent of stagnation temperature, slightly less deviation 
occurring at temperatures near saturation. The maximum deviation 
of this parameter is about 1.2 percent (fig. 10). At M = 2.0, 
this deviation is equivalent to a difference in Mach number in the 
ideal gas of 0.03 or to the difference which occurs when a dif- 
ferent ideal gas having a y “ 1.411 is used. 

Density ratio p/p^.- Figures 11 to 14 show the real-gas 
effects on the density ratio. The deviations of this parameter 
are generally less at cryogenic temperatures (near saturation) 
than at ambient temperatures (fig. 11). The deviations increase 
with stagnation pressure and generally increase with increasing 
Mach number (fig. 13). At constant unit Reynolds numbers 
(fig. 12), the deviation is much less at cryogenic temperatures 
than at ambient temperatures. The maximum deviations occur at 
ambient temperatures and high Mach numbers (fig. 13). At M = 2.0, 
p|. = 10 atm, and T^ = 300 K, the deviation (from table I) is about 
0.9 percent. This deviation is equivalent to a difference in Mach 
number of 0.007 or to the difference which occurs when a different 
ideal gas having a y = 1.410 is used. 

Stream-tube area ratio A/A».- Figures 15 to 18 show the 
real-gas effects on the stream-tube area ratio. Since this param- 
eter is normalized by conditions at M = 1.0, comparisons at other 
Mach numbers are significant. Increasing stagnation pressure gen- 
erally increases the deviation of this parameter (fig. 15). The 
effect of reducing stagnation temperature is generally one of 
reducing the deviations (fig. 17). At constant unit Reynolds 
numbers (fig. 16), the deviations at saturation temperatures are 
considerably less than those at ambient temperatures. For the 
10-atm pressure range, the maximum deviation is about 0.3 per- 
cent (fig. 15). For the M = 2.0 saturation-temperature case 
(fig. 17), the observed 0.3 percent is equivalent to a differ- 
ence in Mach number in the ideal gas of 0.004 or to the differ- 
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ence which occurs when a different ideal gas having a 
Y * 1.396 is used. 

Suminarv . - For the temperature range from ambient (300 K) 
down to saturation, the following table gives the maximum devia- 
tion of the various isentropic parameters for 5- and 10-atro 
pressure: 


Isentropic 

Maximum deviation in percent at - 

parameters 

P|. = 5 atm 

P|. = 10 atm 

P/Pt 

0.5 

00 

• 

O 

T/Tt 

-0.7 

-1.2 

P/P^ 

0.4 

0.9 

A/A, 

±0.2 

±0.3 


The values at 5 atm are given because this pressure is the maxi- 
mum operating pressure of the existing Langley 1 /3-meter tran- 
sonic cryogenic tunnel (ref. 3; formerly known as the Langley 
pilot transonic cryogenic tunnel) and, at this time, no appar- 
ent problems of flow simulation have been detected in the vari- 
ous experimental investigations performed in this facility. 

Stream-Tube Analysis 

The potential user of a transonic tunnel which uses cryo- 
genic nitrogen as the test gas is concerned with how much these 
real-gas deviations affect the pressure distributions or force 
measurements of an aerodynamic test. To obtain some indication 
of how much the pressure distribution of an airfoil might be 
affected by testing in a cryogenic nitrogen tunnel, it is possi- 
ble to study analytically the expansion of nitrogen through an 
especially contoured stream tube and to compare the resulting 
pressure distribution with that obtained when an ideal diatomic 
gas is expanded through the same stream tube. The area distri- 
bution of such a stream tube would be such that as the ideal gas 
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expands through it, some typical wing pressure distribution is 
obtained. This analysis is not entirely rigorous because it 
assumes streamline similarity of gases as they flow over the air- 
foil, but it probably does give the approximate values of the 
expected differences in the pressure distribution. 

The pressure distribution selected for the analysis is shown 
in figure 19. This distribution is representative of one obtained 
on an airfoil in wind-tunnel tests at a Mach number of 0.90 and at 
high lift conditions. It was chosen primarily because of the wide 
range of local Mach numbers. Figure 20 shows the effective area 
distribution in terms of A/A* of a stream tube which would give 
the same pressure distribution when the ideal gas is expanded 
through the stream tube. 

First, nitrogen is analytically expanded through this stream 
tube for stagnation pressures to 10 atm and at temperatures which 
are near the saturation temperature associated with the maximum 
local Mach number. Figure 21 gives the resulting pressure distri- 
butions relative to the ideal-gas pressure distribution. The devi- 
ation of the pressure coefficients increases with increased stag- 
nation pressure, and the maximum deviation of about 0.6 percent 
occurs at 10 atm and at locations where the Mach number is near 
free stream. 

The effect of variations of stagnation temperature on the 
stream-tube pressure distribution is shown in figure 22 for 8-atm 
pressure. At 300 K, the values of the pressure coefficient Cp 
are about 0.7 percent lower than those for the ideal gas. As 
stagnation temperature is reduced, the pressure coefficients along 
the stream tube increase. At 145 K, the coefficients are at most 
0.4 percent lower than the ideal value. As stagnation temperature 
is reduced further, the gas in the high Mach number region reaches 
saturation temperatures. Since, in the computer program, the gase- 
ous thermodynamic properties can only be determined for tempera- 
tures equal to or above the saturation temperature, the pressure 
coefficients could not be computed for this region of the stream 
tube. Tests made in the Langley 1/3-meter transonic cryogenic 
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tunnel (ref. 7) show that tests of an airfoil can be made at tem- 
peratures near free-stream saturation temperatures without any sig- 
nificant effects on airfoil pressure distribution caused by lique- 
faction. For this reason, the lower stagnation-temperature pressure 
distributions are presented for that portion of the nozzle for 
which the flow solutions could be obtained. For these temperatures 
that approach the free-stream saturation temperature, the pressure 
coefficients become greater than those for the ideal gas. In the 
low Mach number region of the stream tube the deviation from the 
ideal is only about 0.2 or 0.3 percent. However, if these curves 
are extrapolated into the high Mach number region, the deviation 
might be approximately 1 percent. This deviation is slightly 
higher than that at ambient temperatures, but is probably not of 
consequence for most wind-tunnel investigations. 

The stream-tube pressure distributions for different combina- 
tions of stagnation temperature and pressure which result in a 
constant unit Reynolds number of 400 x 10^ per meter at M^ = 0.90 
are presented in figure 23. At ambient temperatures (300 K) and 
at the pressure required to achieve this unit Reynolds number, the 
stream-tube pressure coefficients can be as much as 2.5 percent 
lower than those coefficients for the ideal gas. At 150 K (near 
the onset of local saturation), the pressure coefficients are at 
most 0.8 percent lower than the ideal values. At a temperature 
near free-stream saturation (115 K), the deviation is about 
0.3 percent in the low Mach number regions of the stream tube and, 
if extrapolated into the high Mach number region, the deviation 
again would probably be about 1 percent. 

Figure 23 and others (figs. 4, 8, 12, and 16) show that when 
a transonic tunnel capable of achieving a given unit Reynolds 
number is considered, the real-gas effects of nitrogen for isen- 
tropic flow are less than at ambient temperatures, where the 
desired unit Reynolds number must be achieved through greatly 
increased operating pressure. This result is consistent with the 
desire to operate at low pressures because of model and balance 
strength considerations. 
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The maximum deviations of the pressure coefficients for the 
stream-tube expansions of nitrogen at cryogenic temperatures are 
about 1 percent. Assuming that these deviations are indicative of 
the maximum deviations of the pressure coefficients on an airfoil 
as a result of the real-gas effects in the isentropic flow field, 
then this error would not, in most cases, be larger than the other 
uncertainties encountered in transonic wind-tunnel testing. 


Isentropic Expansion Coefficients 

As previously mentioned, for an ideal gas expanding isentrop- 
ically, pressure and density are related by p = p ^(Constant ) . 

The coefficient is constant along the isentrope and is equal to 
the specific heat ratio. The caloric imperfections of nitrogen at 
cryogenic temperatures were noted earlier (fig. 1(b)). With y 
varying thus with pressure and temperature, it might be antici- 
pated that this exponential equation would no longer be valid and 
that the isentropic flow solutions for nitrogen might deviate 
considerably more from the ideal solutions than they do. 

Woolley and Benedict (ref. 8) indicate that this exponential 
equation may still adequately describe the pressure-density rela- 
tionship for real-gas isentropic expansions, but the exponent 
would no longer be equal to the specific heat ratio. These 
authors defined this real-gas exponent as the isentropic expansion 
coefficient a. They further indicated that the usual ideal-gas 
formulas may be adequately valid if o rather than y is used. 

The equations given by Woolley and Benedict for calculating a 

are 


a 



V 



T 


Z 
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and 


a 


aZ 



Since, for the present analysis, the real-gas isentropic flow 
solutions have been obtained and the variation of pressure with 
density is known, it is much easier to determine o from the 
equation 


o = In( p3/p4) (g- 

In(p3/p4) 

where states. 3 and 4 represent an increment along an isentrope 
that is equivalent to 0.05 in Mach number. The isentropic 
expansion coefficients that were obtained by use of equation (6) 
and the real-gas solutions are presented in figure 24. In this 
case, the isentropes begin at a stagnation temperature of 130 K 
and at various values of stagnation pressure. This temperature 
is chosen because it allows expansions to near M = 2.0 before 
saturation takes place. The deviation of o along the isen- 
trope is dependent on the pressure; at the highest pressure, a 
varies by about 2.5 percent over the Mach number range (extrap- 
olated from M = 1.6 to M = 2.0). 

The degree to which o remains constant for isentropes 
which begin at 8 atm and at various stagnation temperatures is 
shown in figure 25. The levels of o vary slightly with tem- 
perature, but the degree of constancy along the isentrope is not 
a strong function of temperature. At 300 K, the variation is 
about 1 percent, while at 120 K the variation is about 2.0 per- 
cent if the curves are extrapolated to cover Mach numbers to 
2.0. For these isentropic expansions to Mach 2.0 (figs. 24 and 
25), the maximum variation of the coefficients is about 2.5 per- 
cent. For the Mach range under consideration, the isentropic 
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flow parameters are rather weak functions of Y, and this amount 
of variation is not very significant. 

Figure 26 shows the variation of the isentropic expansion 
coefficients with stagnation temperature for various stagnation 
pressures. These coefficients are taken at the Mach 1.0 position 
on the isentropes because the coefficients at this position are 
representative of an average value for the isentrope. These 
coefficients remain surprisingly close to the ideal diatomic gas 
value of 1.4, especially in view of the large variations of the 
specific heat ratios shown in figure 1(b). These results indicate 
that nitrogen at the temperatures and pressures of interest for 
wind tunnels expands very much like an ideal diatomic gas with a 
Y of 1.4. 

An indication of the accuracy of isentropic flow solutions 
made by using these expansion coefficients in combination with the 
usual ideal-gas equations can be obtained by comparing these solu- 
tions with the real-gas solutions. Also, as a matter of interest, 
these solutions can be compared with those obtained by using the 
actual values of y in the ideal-gas equations. As an example, 
stagnation conditions of 8 atm and 120 K are chosen. From fig- 
ures 1(b) and 26, the values of Y and ® are 1.565 and 1.389> 
respectively. The isentropic flow parameters resulting from solu- 
tions obtained as described and from the real-gas solutions are 
shown in figure 27. These parameters (p/p^, T/T^, 

A/A^j) are presented in relation to their ideal diatomic gas value. 
The use of the expansion coefficient in the ideal-gas equations 
gives results that approximate the real-gas solutions to within 
about 1 percent. On the other hand, it is clearly indicated that 
the use of the actual y in the ideal-gas equations gives errone- 
ous indications of the magnitude of real-gas effects. 
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FLOW THROUGH NORMAL SHOCKS 

Across a normal shock the conservation equations for mass, 
momentum, and energy must be satisfied. These equations are as 
follows : 

Mass 


Momentum 

Pi + = P2 + ^2^2^ 

Energy . > 



These equations, together with the caloric equation of state 
H s H(p,T) and the thermal equation of state p = p(p,T), can be 
solved simultaneously for the five downstream flow parameters P 2 , 

P2> ^ 2 * ^ 2 * '^2* 


Ideal-Gas Solutions 


Because of the simplicity of the caloric and thermal equa- 
tions of state for an ideal gas, the five equations can be solved 
readily and the flow parameters downstream of the shock can be 
expressed as a function of the upstream value, the upstream Mach 
number, and the specific heat ratio of the gas. These equations 
are 


£2 _ 2yM^^ - (Y - 1 ) 

Pi “ Y + 1 

17 ' 


I 


02 V'j 

M ^2 (y - + 2 


12 , 


M. 

bT 


[2yMi2 _ (y - d] [(y - 1)Mi2 + 2] 


(y + 1)^Mi2 


(y - 1)M-|2 2 


2yM 2 . (y - 1) 


0 . 5 ' 


M. 


From the energy equation it is apparent that 


»t,1 = »t,2 


and since for an ideal gas, ®pT^ = H^, then 


^t,1 = ^t.2 

The other stagnation or total conditions are determined by analyt- 
ically bringing the downstream flow to rest isentropically . The 
following is the resulting expression for the stagnation pressure 
and density which is in terms of the upstream value, the upstream 
Mach number, and the specific heat ratio of the gas: 


^t,2 _ <»t,2 _ 

1 

CM 

+ 

>- 

1 

;y-i 

Y + 1 

Pt,1 “t,1 

(y - 1)M^2 ^ 2 


2yM^2 . (y - 1) 


Many ideal-gas normal-shock tables have been generated by 
using equations similar to those given above. The table in ref- 
erence 9> for example, is for an ideal diatomic gas. 
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Real-Gas Solutions 


Because of the complexity of the thermal and caloric equa- 
tions of state of a real gas, the real-gas normal-shock solutions 
are much more difficult to obtain. The simultaneous solution of 
the five pertinent equations is best accomplished by a high- 
speed digital computer using iterative solution techniques. For 
the real-gas normal-shock solutions of the present analysis, the 
thermodynamic equations for nitrogen (as given by Jacobsen, 
ref. 5) are again used. As was the case for the isentropic flow 
solutions, extensive use is made of a National Bureau of Standards 
program based on Jacobsen's equations. 

The five basic equations that must be solved simultaneously 
are written again thusly; 

Mass 


Cl = = ^ 2^2 


(7) 


Momentum 


C2 - Pi + ^1^1^ = P 2 + ^2^2^ 


( 8 ) 


Energy 


C 


3 




(9) 


Thermal equation of state 

?2 = f(p2»T2) 
Caloric equation of state 


( 10 ) 


( 11 ) 


H 2 = f(P2,T2) 
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By combining equation (7) with equations (8) and (9), 
respectively, the following two equations are formed: 


P2 = 




C 2 - ?2 


( 12 ) 


H2 = C3 - 


2p^2 


(13) 


This procedure reduces the problem to one of solving four 
equations (eqs. (10), (11), (12), and (13)) for the four unknowns 
^2’ P2» "^2‘ iterative procedure that is used in 

solving these equations is outlined in the flow chart of fig- 
ure 28. When this iterative procedure converges, all the local 
flow properties downstream of the shock are known, and the total 
or stagnation quantities can be determined from isent'ropic 
considerations . 

Real-gas normal-shock solutions have been obtained by use 
of these procedures and the solutions are presented in tables II 
to XI. These tables cover ranges of stagnation temperature and 
pressure from 100 to 300 K and 1.0 to 30.0 atm, respectively. 

The details of the tables are given in the key preceding 
table II. 


Normal-Shock Resul ts 

The results of the real-gas normal-shock solutions are 
presented in two parts. First, summary plots are presented to 
illustrate the magnitude of real-gas effects on the various 
normal-shock parameters. These plots are in terms of the devia- 
tions from the corresponding ideal-gas values. These parameters 
are shown as a function of stagnation pressure, stagnation tem- 
perature, and upstream Mach number. Second, the magnitude of 
the real-gas effects is illustrated by looking at the flow 
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parameters in a supersonic stream tube where normal shocks are 
assumed to occur. 

Although the tabulated solutions cover a wide range of vari- 
ables, this analysis covers the extreme ranges anticipated for a 
transonic cryogenic tunnel. The stagnation pressure and tempera- 
ture ranges are from 1 to 10 atm and from 300 K to saturation 
temperatures, respectively, and the upstream Mach number range is 
from 1.0 to 2.0. 


Plots of Shock Parameters 

Pressure ratios P 2 /P-] arid Pt.P'^Pt,!*” deviations of 
the static-pressure ratio across normal shocks from the ideal 
diatomic gas values are shown in figures 29 and 30. The static- 
pressure ratio for nitrogen is always less than the corresponding 
ideal-gas value. The deviation increases with increasing stag- 
nation pressure (fig. 29), decreasing stagnation temperature 
(fig. 29), and increasing upstream Mach number (fig. 30). The 
maximum deviation of this pressure ratio is about 0.7 percent. 

For an ideal gas at M^ = 1.7, this deviation is equivalent to 
a difference in upstream Mach number of about 0.006 or to the 
difference which occurs when a different ideal gas having a 
Y = 1.370 is used. 

The deviations of the stagnation-pressure ratio across normal 
shocks from the ideal-gas values are shown in figures 31 and 32. 
The deviations of this parameter are rather insignificant (0.2 per 
cent or less) for the entire range of conditions considered. 

Temperature ratios '^2'^'^1 ^t,2'^^t,1*“ real-gas 

effects on the static-temperature ratios across normal shocks are 
shown in figures 33 and 34. The direction of the deviations is 
very much dependent on all three Independent variables. Again, 
the magnitude of deviation is rather small (0.5 percent or less). 
For an ideal gas at M-j = 2.0, the maximum deviation is equivalent 
to a change in upstream Mach number of 0.01 or to using a differ- 
ent ideal gas having a Y = 1.395. 
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The deviations of the stagnation-temperature ratios across 
normal shocks are shown in figures 35 and 36. For the ideal-gas 

case, (T^^ 2 /T^ i) = 1. The stagnation-temperature ratios for 
nitrogen are less than 1.0. The deviation increases with 
increases in stagnation pressure and upstream Mach number and with 
decreases in stagnation temperature. A maximum deviation of about 
1.4 percent occurs at p^^^ = 10 atm, = 2.0, and near satura- 

tion temperatures (from table II E). The deviations of the total- 
temperature ratio are considerably larger than those for the 
static-temperature ratio. This result is caused by the generally 
lower temperatures ahead of the shock (fig. 9; isentropic solu- 
tions) and the small deviations in static-temperature ratio across 
the shock (fig. 34). 

Density ratios 02/^1 =^^d real-gas effects 

on the static-density ratio across normal shocks are shown in fig- 
ures 37 and 38 . The deviations of this parameter are greater at 
ambient temperatures than at cryogenic temperatures. The devia- 
tions are basically independent of upstream Mach number and gen- 
erally increase with increased stagnation pressure. The maximum 
deviation of about 0.4 percent is equivalent to a difference in 
upstream Mach number of 0.007 or to using a different ideal gas 
having a y “ ^ • ^06 . 

The real-gas effects on the total-density ratios across nor- 
mal shocks are shown in figures 39 and 40. Again, the deviations 
of the total-density ratio are greater at ambient temperatures 
than at cryogenic temperatures, but the maximum deviation is only 
about 0.4 percent. 

Downstream Mach number M 2 .- The real-gas effects on this 
parameter are so small that only one curve is presented in fig- 
ure 4l to illustrate this fact. For 10 atm and an upstream Mach 
number of 2.0, the deviation throughout the stagnation-temperature 
range is no greater than about 0.06 percent. 

Summary . - The following table gives a summary of the maximum 
deviations of the various normal-shock parameters for 5- and 
10-atra stagnation pressure: 
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Normal shock 
parameters 

Maximum deviation in percent at - 

Pt , 1 ■ ^ 

Pt , 1 ■ ^ 

P 2 /P 1 

• 

0 

1 

• 

0 

1 

Tg/T, 

• 

0 

1 

-0.5 

»2/P 1 

-0.2 

-0.5 


0.1 

0.2 


-0.9 

-1.4 


0.2 

0.4 

M 2 

0.0 

-0. 1 


Supersonic Stream Tube With Normal Shocks 

The magnitudes of the real-gas effects of cryogenic nitro- 
gen on the various normal-shock parameters are summarized in the 
preceding section, but a clearer picture of these effects may be 
obtained by examining the flow in a supersonic stream tube where 
normal shocks are assumed to occur. The effective area distri- 
bution of the stream tube chosen for analysis is shown in fig- 
ure 42. The flow is assumed to be one-dimensional and the solu- 
tion to the flow properties along the stream tube is a combination 
of the isentropic solutions and the normal-shock solutions which 
have been outlined previously. For the shock-free case, the exit 
Mach number of this stream tube is about 2.0. 

The procedure is to choose a shock location in the stream 
tube and then to make the flow solutions for both the nitrogen 
and ideal-gas cases. The shock location chosen for illustration 
purposes is the point at which the upstream Mach number for 
nitrogen is 1.7. The difference in the flow properties along 
the stream tube for the two cases is then taken to be an indica- 
tion of the real-gas effects. 

Two sets of stagnation conditions are chosen for analysis 
so that the effects of stagnation temperature at 8-atm pressure 
and the effect of stagnation pressure at a temperature of 150 K 
can be determined. Flow solutions for the stream tube with no 
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shocks are also included in this analysis. The following summary 
lists the figures which illustrate the deviations of each of the 
stream-tube parameters from the ideal value: 


Figures 

Parameter : 

Static pressure 43 to 44 

Static temperature 45 to 46 

Static density 4? to 48 

Mach number 49 to 50 


Each of these figures shows the deviations in the isentropic flow 
solutions (shock-free solutions), the deviations in the ratios 
across the shock (length of the vertical line at the shock loca- 
tion), and the deviations in the value of the parameter > down- 
stream of the shock. 

The static pressures in the stream tube for the shock-free 
case are generally higher for nitrogen than for the ideal gas. 
However, the maximum deviation which occurs at the highest stag- 
nation pressure and lowest stagnation temperature is only about 
0.8 percent. For these same stagnation conditions, the pressure 
ratio across the shock is lower than the ideal value by about the 
same percentage. This combination of results causes the pressures 
downstream of the shock to be almost identical to those for the 
ideal-gas case (within 0.1 percent). The lack of appreciable 
shock movement for this wide range of conditions should also be 
noted in figures 43 and 44. The nominal shock position is at an 
x/c of 0 . 345 . Computed results indicate movement to be less 
than 0.8 percent. 

The static temperatures in the stream tube for the shock-free 
case are always lower for nitrogen than for the ideal gas. The 
deviation of the temperature reaches about 1.0 percent at the 
stream-tube exit and at high stagnation pressures and low stagna- 
tion temperatures. The temperature ratios across the shock are 
about the same for nitrogen as for the ideal gas (relatively short 
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vertical lines at shock location). Consequently, the deviations 
of the temperatures downstream of the shock are about the same mag- 
nitude as for the shock-free case (about 1.0 percent). 

The deviations in the static densities and Mach numbers along 
the stream tube are considerably smaller than those for static 
pressure and temperature and, as a result, are presented without 
comment . 


CONCLUDING REMARKS 

Real-gas calculations of one-dimensional isentropic and 
normal-shock flows of nitrogen gas are presented. The solutions 
are compared with the corresponding ideal diatomic gas solutions; 
tables of the comparative solutions are presented for a wide range 
of stagnation temperatures and pressures. To obtain an indication 
of the possible errors in inviscid flow simulation in a transonic 
cryogenic tunnel, an analysis of these solutions is made for 
ranges of temperature (300 K to liquefaction), pressure (1 to 
10 atm), and Mach number (up to 2.0). These ranges encompass those 
conditions currently being considered in cryogenic tunnel designs. 
For the range of conditions considered, this analysis leads to the 
following conclusions: 

1. The deviations in the isentropic and normal-shock parame- 
ters caused by the real-gas characteristics of nitrogen are small 
(about 1.0 percent or less). Errors in cryogenic-tunnel flow 
simulation of this magnitude would be insignificant for most wind- 
tunnel investigations. 

2. The deviations of nitrogen from ideal-gas behavior (com- 
pressibility factor not equal to 1 , ratio of specific heats not 
constant) do not cause nearly as much difference in isentropic 
and normal-shock flow solutions as might be anticipated from the 
erroneous use of ideal equations combined with the real values of 
specific heat ratios. The isentropic expansion coefficients 
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remain very near the ideal-gas value of 1.4, even though the 
specific heat ratios are as high as 1.7. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
July 16, 1976 
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APPENDIX 


VISCOSITY OF NITROGEN 

To calculate unit Reynolds numbers for various conditions in 
this report, the viscosity equation for nitrogen (ref. 10) was 
used. This equation is 

u = M (T) + Au (p »T) 

where p is in 10^ N-sec/m^, T is in K, and p is in g/cm^. 
The first term p (T) is called the dilute gas contribution (i.e. 
low densities) and is given by 

9 

p (T) = ^ C^T(i-3) 
i = 1 

The C constants are as follows: 

C-i = 7.4165322904 x lo'' 

C 2 = -1.5834400475 

C3 = 3.8530771011 X 10“3 

Cn = 8.0133713668 X 10 “^ 

C 5 = -8.9203123846 x lo""^ 

C5 = 8.9059711315 X 10-’'0 

C 7 = -5.3779372664 x lo"''^ 

C0 = 1.7398277309 X 10 - ‘•6 



APPENDIX 


Cg = -2.3084044942 x 

The second term Au ( p ,T) is called the dense fluid contri- 
bution and, as pointed out in reference 10, the temperature 
dependence of this term is extremely small for nitrogen and has 
been neglected. Therefore, this term is given by the following 
expression ; 


7 

Au (p ,T) ~ Au (p ) = y^D..p^ 

i = l 

The D constants are as follows: 

= 2.3083514362 x iq-I 
D2 = -9.3636207171 x 10"^ 

^3 = 9.0339186452 

D4 = -4.1832067163 x 10 

D5 = 1.0897627893 x 10^ 

D5 o -1.2913856376 x io^ 

Dy = 5.9782049913 X 10 

The viscosities of nitrogen as determined from this equation 
and the equation of state for nitrogen (ref. 5) are presented in 
figure 51 as a function of temperature and pressure (1 to 10 atm). 
At temperatures near saturation, increasing the pressure to 10 atm 
increases the viscosity by about 10 percent over the value at 
1 atm. This viscosity equation is believed to predict values 
within about ±2 percent in this pressure and temperature range. 
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APPENDIX 


It should be noted that for a gas to simulate the viscous 
characteristics of air at near-ambient temperature conditions 
adequately, the slope of the viscosity-temperature curve at a 
given temperature must be similar to the slope for air at ambient 
temperatures. For comparison purposes, the viscosity curve for 
air (Sutherland formula, ref. 9) is also presented in figure 51. 
It is interesting to note that as pressure is increased at cryo- 
genic temperatures, the slope of the viscosity-temperature curve 
for nitrogen becomes even more like that for air at ambient 
temperatures. 
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TABLE KEY 


This table is subdivided for various values of stagnation 
temperature . 


Letter subdivision 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

Tf 

1 

90 

100 

1 10 

120 

130 

140 

150 

175 

200 

250 

300 


Each page of the subdivision corresponds to a particular 
stagnation pressure. In addition to the isentropic flow 
parameters and their values relative to the ideal diatomic 
gas values, various other gas properties are also given. 

TABLE NOMENCLATURE 

ATM 1 atmosphere (1 atm = 101.32 kN/m^) 

A/A* stream-tube area ratio (A*, area where M = 1.0) 

DT ' stagnation density 

D/DT ratio of static density to stagnation density 

Q 

GAMMA ratio of specific heats, 

^v 

KGM/M3 kilogram per cubic meter 

PT stagnation pressure 

P/PT ratio of static pressure to stagnation pressure 

MACH Mach number 
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REY/M Reynolds number per meter (viscosity equation, 

appendix) 

TT stagnation temperature 

T/TT ratio of static temperature to stagnation temperature 

W speed of sound 

Z compressibility factor 
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TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





A. 

TT = 90 

K PT 

= 1 ATM 

DT 

* 3.899 

KGM/M3 





MACH 

REY/M 

1 

GAMMA 

W 

P/PT 

T/TT 

D/DT 

A/A* 

W 

P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 






■RELATIVE 

TO IDEAL 

GAS VALUES- 

— 

0.000 

0. 

• 97ZS 

1.4354 

190.42 

1.0000 

1 .0000 l.OOOU 

I 

.9847 

l.OOOU 

1.0000 

1.0000 

I 

.050 

6.000E«>06 

.9720 

1.4354 

190.38 

.9983 

.9995 

.9988 

11.5976 

.9847 

1.0000 

1.0000 

1.0000 

1.0005 

.100 

1.196E*07 

.9729 

1.4353 

190.24 

.9931 

.9980 

.9950 

5.8243 

.9847 

1.0000 

1.0000 

1.0000 

1.0005 

.150 

1.7866*07 

.9729 

1.4353 

190.00 

.9845 

.9955 

.9889 

3.9122 

.9847 

l.JJOl 

l.OQOO 

1.0003 

1*0005 

• 200 

2.3656*07 

.9730 

1.4352 

189.67 

.9726 

.9920 

.9803 

2.9649 

.9847 

I.OOOi 

1.0000 

1.0001 

1.0004 

.250 

2.929Efr07 

.9730 

1.4351 

189.25 

-9577 

.9876 

.9695 

2.4037 

.9848 

1.0002 

.9999 

I.OOOI 

1.0004 

.300 

3.<f776*07 

.9731 

1.4349 

188.75 

.9398 

.9822 

.9565 

2.0358 

• 9846 

1.0003 

.9999 

1.0001 

1.0004 

.350 

4.0056*07 

.9732 

1.4347 

108.15 

.9192 

.9760 

.9414 

1.7785 

.9848 

1.0004 

.9999 

1.0001 

1.0003 

.400 

4.511E^07 

.9733 

1.4345 

187.47 

. 8961 

.9689 

.9244 

1.5905 

.9648 

1.0005 

.9999 

1.0002 

1.0002 

.450 

4.991 E *-07 

.9735 

1.4343 

186.71 

.8707 

.9609 

.9055 

1.4492 

.9849 

1.0005 

.9998 

1.0000 

1.0004 

.500 

5.445E«*07 

.9736 

1.4341 

185.87 

. 8435 

.9522 

• 8852 

1.3403 

.9849 

1.0006 

.9998 

1.0000 

1.0003 

.550 

5.870E*'07 

.9737 

1.4338 

184.96 

.8147 

.9427 

.8634 

1.2553 

.9850 

1.0007 

.9998 

1.0000 

1.0003 

.600 

6.265E«-07 

.9739 

1.4336 

103.98 

.7846 

.9326 

.8404 

1.1885 

.9850 

1.0008 

.9997 

1.0000 

1.0002 

• 650 

6.630E«*07 

.9741 

1.4333 

182.92 

.7535 

.9218 

.8164 

1.1358 

.9851 

1.0009 

.9997 

1.0000 

1.0002 

.700 

6.963Efr07 

.9743 

1.4330 

181.81 

.7217 

.9104 

.7915 

1.0945 

.9051 

1.0010 

.9996 

•9999 

1.0002 

.750 

7.263E«-07 

.9744 

1.4327 

180.63 

.6894 

.8985 

.7660 

1.0625 

.9852 

l.OOll 

• 9996 

.9999 

1 . 0001 

• 800 

7.531E4-07 

.9746 

1.4324 

179.40 

.6568 

.8861 

.7399 

1.0383 

.9053 

1.0013 

.9995 

.9999 

1.0001 

• 650 

7.767EI-07 

.9748 

1.4320 

178.11 

.6244 

.8733 

.7135 

1.0207 

.9854 

1.0014 

.9995 

.9998 

1.0000 

.900 

7.970EI-07 

.9751 

1.4317 

176.78 

.5921 

.8601 

.6869 

1.J089 

.9854 

1.0015 

.9994 

.9998 

1.0000 

• 950 

8.142E«*07 

.9753 

1.4314 

175.40 

• 5603 

.6466 

.6603 

1.0022 

.9855 

1.0016 

.9994 

.9997 

1.0000 

1.000 

8.284Ef-07 

.9755 

1.4311 

173.99 

.5292 

.8328 

.6337 

l.OOUO 

.9056 

1.0017 

.9993 

.9996 

I. 0000 

1.050 

8.395E»07 

.9757 

1.4307 

172.54 

.4987 

.8187 

.6074 

1.0020 

.9057 

1.0016 

.9993 

.9996 

1.0000 

1.100 

8.477E«*07 

.9759 

1.4304 

171.05 

.4692 

.8045 

.5814 

1.0079 

.9858 

1.U018 

.9992 

.9995 

1.0000 

1.150 

8.531E+07 

.9762 

1.4301 

169.54 

.4407 

• 7902 

.5558 

1.0175 

.9859 

1.0019 

.9991 

.9993 

l.UOOO 


U) 

U) 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





B. 

TT * 100 

K PT 

* 1 ATM 

OT 

= 3.483 

KGM/M3 





MACH 

REY/M 

1 

GAMMA 

H 

P/PT 

T/TT 

D/DT 

A/ A* 

M 

P/PT 

T/TT 

O/OT 

A /A* 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9801 

1.4261 

201.61 

1.0000 

I.UOOO 1 

• 0000 

I 

.9891 

1.0000 

l.OUOO 

1.0000 

1 

.050 

5.137E«-06 

.9802 

1.4261 

20L.56 

.9983 

.9995 

.9988 

U.5945 

.9891 

1.0000 

1.0000 

1.0000 

1.0003 

.100 

1.024E»07 

• 9802 

1.4261 

201.41 

.9931 

.9980 

.9950 

5.8233 

.9891 

i;oooo 

1.0000 

1.0000 

1.0002 

• 150 

1.529E«^07 

•9602 

1.4260 

201.16 

.9845 

.9955 

.9889 

3.9112 

.9891 

1.0001 

1.0000 

1.0000 

1.0002 

.200 

2.025EF07 

.9802 

1.4259 

200.81 

.9726 

.9920 

.9803 

2.9641 

.9891 

I.OOOi 

1.0000 

I.OOOI 

1.0002 

.aso 

2.508E«’0T 

• 9803 

1.4258 

200.37 

.9576 

.9876 

.9695 

2.4031 

.9891 

1.0002 

.9999 

1.0001 

1.0002 

•300 

2.978Et^07 

.9803 

1.4257 

199.83 

.9397 

.9822 

.9565 

2.0353 

.9891 

1.0002 

.9999 

1.0001 

1.0001 

.350 

3. 43 JE 4^07 

• 9804 

1.4256 

199.20 

.9191 

.9760 

.9414 

1,7781 

.9891 

1.0003 

.9999 

1.0002 

1.0001 

.400 

3.862EI-07 

• 9805 

1.4254 

198.47 

.8958 

.9689 

• 9243 

1.5906 

.9891 

1.0002 

.9999 

1.0000 

1.0002 

.450 

4.274E^07 

• 9806 

1.4252 

197.66 

. 87C5 

.9609 

• 9055 

1.4491 

• 9891 

1.0003 

.9998 

1.0000 

1.0002 

• 500 

4.663E»07 

.9807 

1.4250 

196.77 

.8433 

.9522 

.8852 

1.3402 

.9892 

1.0003 

.9998 

I .0000 

1.0002 

.550 

5.028E^07 

• 9808 

1.4248 

195.80 

.8145 

.9427 

.8634 

1.2552 

.9892 

1.0004 

• 9997 

1.0000 

1.0002 

• 600 

5.368E+07 

• 9809 

1.4246 

194.75 

.7844 

.9326 

.8405 

1.1885 

.9892, 

1.0005 

.9997 

1.0000 

1.0002 

•650 

5.68LE«^07 

.9811 

1.4244 

193.63 

.7533 

.9218 

• 8164 

1.1358 

.9892 

1.0005 

.9996 

1.0000 

I.OOOI 

•700 

5.968E^^07 

.9812 

1.4241 

192.44 

.7214 

.9104 

.7916 

1.0946 

.9893 

1.0006 

.9996 

1.0000 

I.OOOI 

• 750 

6. 2276^07 

.9813 

1.4239 

191.19 

.6891 

.8985 

• 7660 

1.0626 

.9893 

1.0007 

.9995 

.9999 

I.OOOI 

• 800 

6.459E«^07 

.9015 

1.4236 

189.88 

.6566 

.8861 

.7400 

1.0384 

.9893 

1.0008 

.9995 

.9999 

I.OOOI 

.850 

6.665E«'07 

.9817 

1.4233 

188.51 

.6241 

.8733 

.7136 

1.0208 

.9894 

1.0009 

.9994 

.9999 

1.0001 

.900 

6. 843 E *^07 

.9818 

1.4231 

187.10 

.5919 

• 8601 

.6870 

1.0090 

• 9894 

1.0009 

• 9994 

• 9998 

I.OOOI 

.950 

6.995E+07 

• 9820 

1.4228 

185.64 

.5601 

• 8466 

• 6604 

1.0022 

• 9895 

l.OOlO 

.9993 

.9998 

I.OOOI 

1.000 

7.122E«-07 

• 9821 

1.4225 

184.13 

.5289 

.8328 

.6338 

1.0001 

.9895 

1.0011 

.9993 

.9998 

1.0001 

1.050 

7.224E^07 

.9823 

1.4223 

182.59 

.4985 

.8187 

.6075 

1.0021 

.9896 

1.0011 

.9992 

.9997 

I.OOOI 

1.100 

7.302E*'07 

• 9825 

1.4220 

181.01 

• 4690 

.8045 

.5815 

1.0080 

.9896 

1.0012 

.9992 

.9996 

I.OOOI 

1.150 

7.357E^07 

.9827 

1.4217 

179.40 

.4404 

.7901 

.5560 

1.0175 

.9897 

1.0012 

.9991 

• 9996 

1.0001 

1.200 

7.390E»07 

• 9828 

1.4214 

177.77 

.4130 

.7757 

• 5309 

1.0305 

.9897 

1.0013 

.9990 

.9995 

1.0001 

1.250 

7.402EI-07 

• 9830 

1.4212 

176.11 

.3866 

.7612 

.5064 

1.0469 

.9898 

1.0013 

.9990 

.9994 

I.OOOI 

1.300 

7.395E*07 

• 9832 

1.4209 

174.44 

• 3614 

.7466 

• 4826 

1.0665 

.9899 

1.0013 

• 9989 

.9993 

1.0002 

1.350 

7.369Efr07 

.9834 

1.4207 

172.75 

.3375 

.7321 

.4595 

1.0892 

.9899 

1.0013 

.9989 

.9992 

1.0002 

1.400 

7.325E«*07 

• 9836 

1.4204 

171.04 

.3147 

.7176 

• 4371 

1.1152 

• 9900 

1.0013 

• 9988 

.9991 

1.0003 

1.450 

7.265E»07 

.9837 

1.4202 

169.33 

.2932 

.7031 

• 4154 

1.1443 

.9900 

1.0013 

• 9988 

.9989 

1.0004 

1.500 

7.190E^07 

•9839 

1.4200 

167.61 

.2728 

.6888 

• 3946 

1.1766 

.9901 

1.0013 

.9987 

• 9988 

1.0004 

1»550 

7«10aE«^07 

•9841 

1.4197 

165.88 

.2536 

.6746 

.3745 

I. 2121 

.9902 

1.0013 

• 9986 

.9986 

1.0005 



TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





8. TT * 

100 K 

PT = 3 

ATM 

DT » 10. 

918 KGM/M3 

CONCLUDED 




HACH 

REr/M 

Z 

GAHHA 

W 

ki / c cr 

P/PT 

T/TT 

O/OT 

A/ A* 

W 

P/PT 

T/TT 

D/OT 

AC U A1 lie C. 

A/A* 





n/ o CL 










0.000 

0» 

• 9381 

1.4892 

196.86 

1.0000 

1.0000 

1.0000 

I 

• 9658 

1.0000 

1.0000 

1.0000 

1 

.050 

l.536E«-07 

.9381 

1.4892 

196.81 

.9983 

.9995 

.9988 

11.5904 

.9658 

1.0000 

1.0000 

1.0000 

1.0006 

.100 

3.0636^07 

• 9382 

1.4891 

196.66 

.9931 

• 9980 

.9951 

5.8250 

.9658 

l.UUOl 

1.0000 

1.0001 

1.0005 

.ISO 

4.572Ei-a7 

.9383 

1.4389 

196.42 

.9846 

.9955 

.9090 

3.9121 

.9658 

1.0002 

.9999 

1.0001 

1.0004 

• 200 

6.054E^07 

.9384 

1.4886 

196.08 

. 9727 

.9920 

.9003 

2.9651 

.9658 

1.0002 

.9999 

1.0000 

1.0005 

.250 

7.50ie»07 

.9385 

1.4883 

195.65 

.9577 

.9875 

.9695 

2.4039 

.9658 

1.0003 

.9998 

1.0000 

1.0005 

• 300 

8.907E*07 

.9387 

1.4879 

195.12 

.9399 

.9821 

.9564 

2.0360 

• 9658 

1.0004 

.9998 

1.0001 

1.0005 

• 350 

1.026E4'08 

.9389 

1.4874 

194.51 

.9193 

.9758 

.9414 

1.7787 

.9658 

1.0006 

.9997 

1.0001 

1.0004 

.400 

I.I56E«'08 

.9391 

1.4869 

193.80 

.0963 

.9686 

.9244 

1 .5907 

.9659 

1. 0008 

.9996 

l.OOOl 

1.0004 

•450 

1.280E4'08 

.9394 

1.4863 

193.02 

.0711 

.9606 

.9056 

1.4491 

.96 59 

1.0010 

.9995 

1.0001 

1.0003 

•500 

1.397Ef08 

.9397 

1.4856 

192.15 

.8439 

.9518 

.8852 

1.3405 

.9659 

l.oolo 

.9994 

1.0000 

L.0004 

• 550 

1.507EI-08 

• 9400 

1.4849 

191.21 

• 8152 

.9422 

• 8634 

1.2555 

• 9660 

1.0012 

.9992 

1.0000 

1.0004 

• 600 

1.609Ei'08 

.9404 

1.4842 

190.19 

.7852 

.9320 

.8404 

1.1887 

.9660 

1.0015 

.9991 

.9999 

1.0003 

•650 

1.704E#-08 

• 9408 

1.4834 

189.11 

.7541 

• 9211 

• 8164 

1.1360 

.9661 

1.0017 

.9990 

.9999 

1.0003 

.700 

1.791 E ♦'08 

.9412 

1.4826 

187.96 

.7224 

.9097 

.7915 

1.0947 

• 9662 

1.0019 

• 9988 

.9999 

1.0003 

.750 

1.869E^'08 

• 9416 

1.4817 

186.75 

.6901 

.8977 

.7659 

1.0627 

• 9663 

1.0022 

.9987 

.9998 

1. 0002 

• 800 

1.940E«'08 

• 9420 

1.4808 

185.48 

.6577 

• 8852 

.7398 

1.0384 

• 9664 

1.0024 

.9985 

.9990 

1.0002 

.650 

2.003£f08 

.9425 

1.4799 

184.16 

.6252 

.8724 

.7134 

1.0208 

.9665 

1.0027 

.9984 

.9997 

1.0001 

• 900 

2.058E^^0a 

• 9430 

1.4790 

182.79 

.5931 

.8591 

• 6668 

1.0090 

.9666 

1.0029 

.9982 

.9996 

1.0001 

.950 

2.104Ei>08 

.9434 

1.4781 

181.38 

.5613 

.8455 

• 6601 

1.0022 

• 9668 

1.0032 

.9981 

.9995 

l.OOOl 

1.000 

2«144E»08 

.9439 

1.4771 

179.93 

• 5301 

• 8316 

• 6335 

1.0001 

• 9669 

1.0034 

.9979 

.9993 

1.0001 

1.050 

2.175E4'08 

.9445 

1.4762 

178.44 

.4997 

.8175 

.6072 

1.0021 

.9671 

1.0036 

.9978 

.9991 

1.0001 


UJ 



U) 

ON 


TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





C . 

TT = 110 

K PT 

= 1 ATM 

OT 

* 3.151 

KGM/M3 





HACH 

REf/M 

Z 

GAMHA 

W 

P/PT 

T/TT 

D/OT 

A/A* 

W 

p/pr 

T/TT 

O/OT 

A/A* 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9850 

1.4201 

212.08 

1.0000 

1 .0000 

1.0000 

I 

.9920 

1.0000 

1.0000 

1.0000 

I 

• 050 

^.A64Ef06 

.9850 

1.4201 

212.02 

.9983 

.9995 

• 9968 

11.5924 

.9920 

l.OOOO 

1.0000 

1.0000 

1.0001 

.100 

8.9026^06 

• 9850 

1.4201 

211.87 

.9931 

.9980 

.9950 

5.8222 

.9920 

1.0000 

1.0000 

1.0000 

1.0001 

.150 

1.329e*-07 

.9851 

1.4200 

211.60 

.9845 

• 9955 

• 9889 

3.9105 

.99 20 

1.0001 

1.0000 

1.0000 

l.OOOU 

• 200 

1.759E*-07 

.9851 

1.4200 

211.23 

.9726 

.9920 

.9803 

2.9636 

.9920 

l.OOOl 

1.0000 

1.0001 

1.0000 

.250 

2.179E4-07 

.9851 

1.^199 

210.76 

.95 76 

.9876 

.9695 

2.4027 

.9920 

1. JJOl 

.9999 

1.0001 

1.0000 

.300 

2.587e*'07 

.9852 

1.4193 

210.19 

.9397 

.9822 

.9565 

2.0350 

• 9920 

1.0002 

.9999 

1.0001 

1.0000 

.350 

2.980E«'07 

.9852 

1.4197 

209.52 

.9190 

.9 760 

.9414 

1.7778 

.99 20 

1.J303 

.9999 

1.0002 

• 9999 

• AOO 

3.356E4-07 

.9853 

1.4195 

208.76 

.8957 

.9608 

.9243 

1.5903 

.9920 

1.0001 

.9998 

1.0000 

1.0001 

.450 

3.713£fr07 

.9854 

1.4194 

207.91 

.8704 

.9609 

.9055 

1.4489 

.9920 

1.0002 

.9998 

1.0000 

1.0001 

.500 

4.051E«-J7 

.9854 

1.4192 

206.97 

.8432 

.9522 

. 8852 

1.3400 

.9920 

1.0002 

.9998 

1.0000 

l.OOOl 

.550 

4.368E4-07 

.9855 

1.4190 

205.94 

.8144 

.9427 

.8634 

1.2551 

.9920 

1.0002 

.9997 

1.0000 

1.0001 

.600 

4.663E*-07 

.9856 

L.4189 

204.83 

.7842 

.9326 

.8405 

1.1883 

.9920 

1.0003 

.9997 

1.0000 

1.0001 

.650 

4.936Ef07 

.9857 

1.4187 

203.65 

.7531 

.9218 

• 8165 

1.1357 

.99 20 

1.0003 

.9996 

1.0000 

1.0001 

.700 

5. 1058+07 

.9858 

1.4185 

202.40 

.7212 

.9104 

.7916 

1.0945 

.9920 

1.0004 

.9996 

1.0000 

1.0001 

.750 

5.411E+07 

.9859 

1.4182 

201.08 

.6889 

.8985 

.7661 

1.0625 

.9920 

1 . 0004 

.9995 

1.0000 

1.0001 

.800 

5.613E+07 

.9860 

1.4180 

199.69 

.6564 

.8861 

.7400 

1.0383 

.9920 

1.0J05 

.9995 

1.0000 

1.0001 

.850 

5.792E+07 

.9862 

1.4178 

198.25 

.6239 

.8733 

.7136 

1.0207 

.9921 

1.0006 

.9994 

1.0000 

1.0001 

.900 

5.948E+07 

.9863 

1.4176 

196.76 

.5917 

.8601 

.6870 

1.0089 

.9921 

1.0006 

.9994 

.9999 

1.0001 

.950 

6.082E+07 

.9864 

1.4173 

195.21 

.5599 

.8466 

.6604 

1.0022 

.9921 

1.0007 

.9993 

.9999 

1.0001 

I. 000 

6.194E+07 

.9865 

1.4171 

193.63 

.5287 

.8328 

.6339 

1.0000 

.9921 

1.0007 

.9993 

.9999 

1.0000 

1 .050 

6.285E+07 

.9867 

1.4169 

192.00 

.4903 

.8187 

.6076 

1.0021 

.9921 

1.0008 

.9992 

.9999 

1.0001 

l.lOO 

6.356E+07 

.9868 

1.4167 

190.34 

.4688 

.0045 

.5816 

1.0080 

.9922 

1.0008 

.9992 

.9998 

1.0001 

1.150 

6.407E+07 

.9869 

1.4164 

188.64 

.4403 

.7902 

.5561 

1.0175 

.9922 

1.0009 

.9991 

• 9998 

1.0001 

1 .200 

6. 440 £+07 

.9871 

1.4162 

186.92 

.4128 

.7757 

.5310 

1.0305 

.9922 

1.0009 

.9991 

.9997 

1.0001 

1.250 

6.456E+07 

.9872 

1.4160 

105.17 

. 3865 

.7612 

.5066 

1.0468 

.9923 

1.0009 

.9990 

.9997 

1.0001 

1.300 

6.455E+07 

.9874 

1.4157 

183.41 

.3613 

.7466 

.4828 

1.0664 

.9923 

1.0010 

.9990 

.9996 

1.0001 

1.350 

6.438E+07 

.9875 

1.4155 

101.62 

.3573 

.7321 

.4596 

1.0892 

.9924 

1.0010 

.9989 

.9996 

1.0002 

l.AOO 

6.408E+07 

.9876 

1.4153 

179.83 

.3146 

.7176 

.4372 

1.1151 

.99 24 

1.0010 

.9989 

.9995 

1.0002 

1.A50 

6.363E+07 

.9878 

1.4151 

178.02 

.2930 

.7032 

.4156 

1.1442 

.9924 

1.0010 

.9988 

.9994 

1.0002 

1.500 

6. 3076+07 

.9879 

1.4149 

176.21 

.2727 

• 6 88 8 

.3947 

1.1764 

.9925 

1.0010 

.9987 

.9993 

1.0003 

1.550 

6.233E+07 

• 9881 

1.4147 

174.39 

.2535 

.6746 

.3747 

1.2119 

.9925 

1.0010 

• 9987 

.9992 

1.0003 

1.600 

6.159E+07 

.9882 

1.4145 

172.58 

.2355 

.6605 

.35 54 

1.2507 

.9926 

1.0009 

• 9986 

.9991 

1.0004 

1.650 

6.070E+07 

.9883 

1.4143 

170.76 

.2186 

.6466 

.3370 

1.2928 

• 9926 

1.0009 

.9986 

.9990 

1.0005 

1.700 

5.972E+07 

.9885 

1.4142 

168.94 

• 2028 

.6328 

.3194 

1.3383 

.9927 

1.0009 

.9985 

• 9989 

1.0006 

1.750 

5.866E+07 

• 9686 

1.4140 

167.13 

.1880 

.6192 

.3025 

1.3873 

.9927 

l.OOOB 

.9985 

.9987 

1.0006 

1.800 

5.752E+07 

.9887 

1.4138 

165.33 

.1742 

.6059 

• 2664 

1.4399 

.9927 

1.0007 

.9984 

.9986 

1.0007 

1.850 

5.631E+07 

• 9868 

1.4137 

163.54 

.1613 

.5927 

.2711 

1.4963 

.9928 

1.0007 

.9984 

.9984 

1.0008 



TAiiLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





C. TT = 

110 K 

PT - 3 

ATM 

OT « 9. 

761 KGM/M3 

CONTINUED 




MACH 

REY/M 

Z 

GAMMA 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ 

W 

P/PT 

T/TT 

O/OT 

A/A4 










'KcLA live 

1 U t Uc AL 

VALUE O'* 


0.000 

0. 

.9539 

1.4660 

208.50 

1.0000 

1.0100 

l.OQOO 

I 

.9753 

1.0000 

1.0000 

1.0000 

1 

.050 

1. 3346*07 

.9539 

1.4660 

208.45 

.9983 

.9995 

.9988 

11.5923 

.9753 

1.0000 

1.0000 

1.0000 

1.0000 

• 100 

2.660E+07 

.9540 

1.4659 

208.29 

.9931 

.9980 

.9951 

5.8220 

.9753 

l.JOOl 

1.0000 

1.0001 

l.ooou 

• 150 

3.9706*07 

.9540 

1.4658 

208.03 

.9846 

.9955 

.9890 

3.9102 

.9752 

1.0002 

.9999 

l.OOOl 

• 9999 

• 200 

5.257E«-07 

.9541 

1.4656 

207.67 

.9726 

.9920 

.9803 

2.9637 

.9752 

1.0001 

.9999 

1.0000 

1.0001 

.250 

6.5136*07 

.9542 

1.4653 

207.20 

.9576 

.9875 

.9695 

2.4028 

.9752 

1.0002 

.9998 

1.0000 

1.0001 

• 300 

7.733E»“07 

.9543 

1.4650 

206.64 

.9397 

.9821 

.9566 

2.0352 

.9752 

1.0002 

.9997 

1.0001 

1.0001 

.350 

8.9096*07 

.9545 

1.4646 

205.98 

.9191 

• 9758 

.9414 

1.7780 

.9752 

1.0003 

.9997 

1*0001 

1.0000 

• 400 

1.004E4-08 

.9547 

1.4642 

205.23 

.8960 

• 9686 

.9244 

1.5902 

.9752 

1.0004 

.9996 

1.0001 

1.0000 

.450 

1.111E4-08 

.9549 

1.4637 

204.39 

• 87C 8 

• 9606 

.9056 

1.4487 

.9752 

1.0006 

• 9995 

1.0001 

1.0000 

• 500 

l.212E*-08 

.9551 

1.4632 

203.46 

.8436 

.9518 

.8853 

1.3398 

.9752 

1.0007 

.9993 

1.0002 

1.0000 

.550 

1.308E*-08 

.9553 

1.4626 

202.45 

.8149 

.9422 

.8636 

1.2549 

.9752 

1.0009 

• 9992 

1.0002 

1.0000 

• 600 

1.396E«-08 

.9556 

1.4620 

201.36 

.7847 

.9320 

.8405 

1.1884 

.9752 

1.0009 

.9991 

1.0000 

1.0001 

.650 

1.478E*-08 

.9559 

1.4614 

200.20 

.7536 

.9211 

.8165 

1.1358 

.9752 

1.0010 

.9990 

1.0000 

1.0001 

• 700 

1.554E4-08 

.9562 

1.4607 

198.97 

.7218 

.9097 

.7916 

1.0945 

.9752 

1.0012 

*9988 

1.0000 

1.0001 

.750 

1.6226*-08 

.9565 

1.4600 

197.67 

.6895 

.8977 

.7660 

1.0625 

.9752 

1.0013 

• 9987 

1.0000 

1.0001 

• dOO 

1.683E#“3S 

• 9568 

1.4593 

1S6.32 

.6571 

.8852 

.7400 

1.0383 

.9.753 

1.0015 

.9985 

1.0000 

1.0001 

• 850 

1.738Ef08 

.9572 

1.4586 

194.91 

.6246 

.8724 

.7136 

1.0207 

.9753 

1.0017 

.9984 

.9999 

1.0001 

.900 

1.786E«-08 

.9575 

1.4578 

193.45 

.5924 

.8591 

• 6870 

1.0089 

.9754 

1.0019 

.9982 

.9999 

1.0001 

.950 

1.827Efr08 

.9579 

1.4571 

191.94 

.5607 

.8455 

• 6603 

1.0022 

.9754 

1.0021 

.9981 

• 9996 

1.0000 

1.000 

l.d61E4>06 

.9583 

1.4563 

190.39 

.5295 

.8316 

.6338 

1.0000 

.9755 

1.0023 

• 9979 

• 9998 

1.0000 

1.050 

1.889E4'0d 

.9587 

1.4556 

188.80 

.4991 

.8175 

.6075 

1.0021 

.9756 

1.0024 

.9978 

.9997 

1.0000 

1.100 

1.911E«-08 

.9591 

1.4548 

187.17 

• 4696 

.8033 

.5815 

1.0060 

.9757 

1.0026 

.9976 

.9996 

1.0001 

1.150 

l.928E*'08 

.9595 

1.4541 

185.52 

.4411 

.7889 

.5559 

1.0175 

.9758 

1.0028 

.9975 

.9994 

1.0001 

1.200 

1.938E<-08 

.9599 

1.4533 

183.84 

.4136 

.7743 

.5308 

1.0306 

.9759 

1.0029 

.9973 

• 9993 

1.0001 

1.250 

1.944E«*08 

• 9603 

1.4526 

182.13 

.3872 

.7598 

• 5063 

1.0469 

.9760 

1.0030 

• 9972 

.9991 

1.0002 

1.300 

1.944E«^06 

.9607 

1.4518 

180.41 

.3621 

.7452 

.4824 

1.0666 

.9761 

1.0031 

.9970 

.9989 

1.0003 

1.350 

1. 9406*08 

.9612 

1.4511 

178.67 

.3381 

.7306 

• 4592 

1.0894 

.9762 

1.0031 

•9969 

•9987 

1.0003 

1.400 

1.932E*08 

.9616 

1.4504 

176.92 

.3153 

• 7160 

.4368 

1.1154 

.9764 

1.0032 

.9967 

• 9985 

1.0005 

1.450 

1.9196*08 

.9620 

1.4497 

175.16 

.2937 

.7016 

.4151 

1.1446 

.9765 

1.0032 

.9965 

.9982 

1. 0006 


U) 



00 

oo 


TABLE I* real-gas ISENTROPIC EXPANSIONS OF NITROGEN 





C. TT * 

110 K 

PT * 5 

ATM 

DT * 16. 

850 KGM/M3 

CONCLUDED 




MACH 

REY/M 

1 

GAMMA 

w 

M/SEC 

P/PT 

T/TT 

D/DT 

A/A* 

w 

P/PT 

T/TT 

TO tnCAi 

O/OT 

A/A* 










‘KCLAI IVt 

lU lUcAL 

uAd VALUCd*' 


o.ooa 

0. 

.9210 

1.5221 

204.70 

1.0000 

1.0000 

1.0000 

1 

.9575 

1.0000 

1*0000 

1.0000 

1 

• 050 

2.217E*07 

.9210 

1.5221 

204.65 

.9983 

.9995 

• 9988 

11.5922 

.9575 

1.0000 

1.0000 

1*0000 

1.0000 

• 100 

4.421E*07 

.9210 

1.5219 

204.50 

.9932 

• 9980 

.9951 

5.8218 

.9575 

1.0001 

1*0000 

1.0001 

.9999 

.150 

6. 6006*07 

.9211 

1.5216 

204.24 

.9845 

.9954 

• 9889 

3.9104 

.9575 

1.0001 

.9999 

1.0000 

1.0000 

.200 

8.740E*07 

.9213 

1.5212 

203.88 

.9727 

.9919 

.9803 

2.9636 

.9574 

1.0002 

.9998 

1.0001 

1.0000 

.250 

1.0836*08 

.9214 

1.5208 

203.42 

.9578 

.9874 

.9695 

2.4027 

• 9574 

1.0003 

•9997 

1.0001 

1. 0000 

.300 

l.286E*08 

.9216 

1.5202 

202.86 

.9399 

.9819 

.9565 

2.0351 

.9574 

1.0005 

.9996 

1.0002 

1.0000 

.350 

1.482E*08 

.9219 

1.5195 

202.21 

.9192 

.9755 

.9413 

1.7782 

.9573 

1.0005 

.9994 

1*0000 

1*0001 

.400 

1.670E*08 

.9222 

1.5187 

201.46 

.8962 

.9683 

.9243 

1.5904 

.9573 

1.0U06 

• 9993 

l.OOOI 

1.0002 

.450 

1.849E*08 

.9225 

1.5178 

200.63 

.8710 

.9602 

.9056 

1.4489 

.9573 

i.oooa 

.9991 

L.OOOl 

1.0002 

.500 

2.018E*08 

.9228 

1.5169 

199.72 

.8439 

.9514 

.8852 

1.3401 

.9573 

1.0010 

.9989 

1*0001 

1*0002 

.550 

2.177£*08 

.9232 

1.5159 

198.72 

.8152 

.9418 

.8635 

1.2552 

.9572 

1.0012 

.9987 

1.0001 

1*0002 

• 600 

2.3266*08 

.9236 

1.5148 

197.65 

.7852 

.9315 

.8406 

1.1864 

*9572 

1*0015 

.9985 

1*0001 

1*0002 

.650 

2.4646*08 

.9240 

1.5136 

196.51 

.7542 

.9205 

.8165 

1.1358 

.9572 

1.0018 

.9983 

1*0001 

1*0002 

.700 

2.5906*08 

.9245 

1.5124 

195.30 

• 7224 

.9090 

.7917 

1*0945 

*9572 

1*0021 

.9981 

1*0001 

1*0002 

.750 

2.705E*08 

.9250 

1.5112 

194.03 

.6902 

.8970 

.7661 

1.0626 

.9573 

1.0024 

• 9979 

1.0001 

1.0001 

.800 

2.6086*06 

.9256 

1.5099 

192.70 

.6578 

.8844 

.7401 

1.0383 

.9573 

1.0027 

• 9976 

1*0001 

1.0001 

.850 

2.9006*08 

.9261 

1.5085 

191.32 

.6254 

.0715 

.7137 

1.0207 

.9574 

1.0031 

.9974 

1*0001 

1.0001 

.900 

2.9816*08 

.9267 

1.5072 

189.89 

.5933 

.8581 

.6871 

1.0069 

.9575 

1.0034 

.9972 

1*0000 

1.0000 

.950 

3.051E*08 

.9273 

1.5058 

188.41 

• 5616 

.8445 

.6604 

1.0022 

.9575 

1.0037 

• 9969 

1*0000 

1.0000 

I. 000 

3.110E*08 

.9280 

1.5044 

186.90 

.5304 

.8306 

.6339 

1.0000 

.9577 

1.0041 

.9967 

.9999 

1*0000 

1 .050 

3.1586*08 

.9286 

1.5030 

185.35 

• 5001 

.8164 

.6075 

1.0020 

*9578 

1*0044 

•9964 

.9997 

1.0000 

1.100 

3.1966*08 

.9293 

1.5016 

183.76 

.4705 

• 8021 

.5814 

I.OOBI 

.9579 

1.0045 

.9962 

.9994 

1*0002 

1.150 

3.2256*08 

.9300 

1.5002 

182.15 

• 4420 

.7876 

.5557 

1*0177 

• 9501 

1*0048 

.9959 

•9992 

1.0002 

1.200 

3.2446*08 

.9306 

1.4988 

180.51 

.4145 

.7730 

.5306 

1*0308 

.9582 

1.0050 

.9957 

• 9989 

1*0003 



TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OP NITROGEN 





0. 

TT * 120 

K PT 

* 1 ATM 

DT 

« 2.878 

KGN/M3 





MACH 

REY/M 

1 

GAMMA 

W 

P/PT 

T/TT 

O/OT 

A/A« 

W 

P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 





— 

-RELATIVE 

TO IDEAL 

GAS values 

— - 

0*000 

0. 

• 9884 

1.4160 

221.96 

1.0000 

1 .0000 

1.0000 

1 

.9940 

1.0000 

1.0000 

1.0000 

I 

• 050 

3.929E«'06 

• 9884 

1.4160 

221.91 

.9983 

.9995 

• 9988 

11.5910 

.9940 

1.0000 

1.0000 

1.0000 

1.0000 

• 100 

7.835E«-06 

• 9884 

1.4160 

221.74 

.9931 

•9980 

.9950 

5.8215 

.9940 

1.0000 

1.0000 

1.0000 

.9999 

.150 

1.169E»07 

.9885 

1.4159 

221.46 

• 9844 

.9955 

.9889 

3.9101 

.9940 

1.0000 

1.0000 

1.0000 

.9999 

• 200 

1.548£«^07 

.9885 

1.4159 

221.08 

.9726 

.9920 

• 9603 

2.9633 

.9940 

1.0001 

1.0000 

1.0001 

.9999 

•250 

1.918E»07 

.9885 

1.4158 

220.58 

.9576 

.9876 

.9695 

2.4025 

• 9940 

l.OOOl 

.9999 

1.0001 

.9999 

• 300 

2.277E«-07 

.9885 

1.4157 

219.98 

.9396 

• 9822 

.9565 

2.0348 

.9940 

1.0001 

.9999 

1.0001 

.9999 

•350 

2.622E«^07 

• 9686 

1.4156 

219.28 

.9190 

.9760 

.9414 

1.7777 

.9940 

1.0002 

.9999 

1.0002 

.9998 

•400 

2.953E^07 

• 9886 

1.4155 

218.48 

.8957 

.9689 

.9243 

1.5902 

.9940 

1.0001 

.9999 

1.0000 

1.0000 

.450 

3.267E«‘07 

.9887 

1.4154 

217.59 

.8703 

.9609 

.9055 

1.4488 

.9940 

1.0001 

.9998 

1.0000 

1.0000 

.500 

3.564E»07 

.9887 

1.4152 

216.60 

• 8431 

.9522 

.8852 

1.3399 

• 9940 

1.0001 

.9998 

1.0000 

1.0000 

• 550 

3.843E^07 

.9888 

1.4151 

215.52 

.8143 

.9427 

.8634 

1.2550 

.9940 

1.0001 

.9997 

1.0000 

1.0000 

•600 

4.102E*07 

.9889 

1.4149 

214.36 

.7841 

.9326 

.8405 

1.1883 

.9939 

1.0001 

.9997 

1.0000 

1.0000 

•650 

4.341 E«^07 

• 9889 

1.4148 

213.12 

.7530 

•9218 

.8165 

1.1357 

.9939 

1.0002 

.9997 

1.0000 

1.0000 

•700 

4.560E»07 

.9890 

1.4146 

211.81 

.7211 

.9104 

.7916 

1.0944 

.9939 

1.0002 

.9996 

1.0000 

1.0000 

.750 

4.758Ef07 

.9891 

1.4144 

210.42 

.6888 

• 8985 

.7661 

1.0625 

.9939 

1.0003 

.9996 

1.0000 

1.0000 

.800 

4.936E»07 

.9892 

1.4142 

208.97 

.6562 

• 8661 

.7400 

1.0383 

.9939 

1.0003 

.9995 

1.0000 

1.0000 

• 850 

5.094E»07 

.9893 

1.4141 

207.46 

.6237 

.8733 

.7136 

1.0207 

.9939 

1.0003 

.9995 

1.0000 

1.0000 

• 900 

5.231E»07 

.9894 

1.4139 

205.89 

.5915 

.8601 

.6871 

1.0089 

.9939 

1.0004 

.9994 

1.0000 

1.0000 

.950 

5.349E*07 

• 9895 

1.4137 

204.27 

.5597 

• 8466 

• 6605 

1.0022 

• 9939 

1.0004 

.9994 

1.0000 

1.0000 

1.000 

5.448E»07 

.9896 

1.4135 

202.61 

.5286 

.8328 

.6340 

1.0000 

.9939 

1.0005 

.9993 

1.0000 

1.0000 

1.050 

5.528E«’07 

.9897 

1.4133 

200.90 

.4982 

• 8188 

• 6077 

1.0021 

• 9940 

1.0005 

.9993 

1.0000 

1.0000 

1.100 

5. 591 E *07 

.9898 

1.4131 

199.16 

•4666 

.8045 

.5817 

1.0080 

.9940 

1.0006 

.9992 

1.0000 

1.0000 

1.150 

5.638E»07 

.9899 

1.4129 

197.38 

.4401 

.7902 

.5562 

1.0175 

.9940 

1.0006 

.9992 

1.0000 

1.0000 

1.200 

5*668E»07 

•9900 

1.4127 

195.58 

.4127 

.7757 

.5311 

1.0305 

.9940 

1.0006 

.9991 

.9999 

1.0001 

1.250 

5.684E»07 

.9901 

1.4125 

193.75 

• 3663 

.7612 

.5067 

1.0468 

.9940 

1.0007 

.9991 

.9999 

1.0001 

1.300 

5.685E»07 

.9902 

1.4123 

191.89 

• 3612 

.7467 

.4829 

1.0664 

.9940 

1.0007 

.9990 

.9999 

1.0001 

1.350 

5.673E»07 

.9903 

1.4121 

190.03 

.3372 

.7321 

.4597 

1.0891 

.9941 

1.0007 

.9990 

.9998 

1.0001 

1.400 

5.65)E»07 

• 9905 

1.4119 

188.14 

.3145 

.7176 

.4374 

1.1150 

.9941 

1.0007 

.9989 

.9998 

1.0001 

1.450 

5.614E»07 

.9906 

1.4117 

186.25 

.2930 

.7032 

.4157 

1.1441 

.9941 

1.0008 

.9989 

.9997 

1.0001 

1.500 

5.569E*07 

.9907 

1.4116 

184.35 

.2726 

.6889 

.3949 

1.1763 

.9941 

1.0008 

• 9986 

• 9997 

1.0002 

1.550 

5.513E»07 

.9908 

1.4114 

182.45 

.2535 

.6746 

.3748 

1.2118 

.9942 

1.0008 

.9988 

.9996 

1.0002 

1.600 

5.449E»07 

.9909 

1.4112 

180.54 

.2355 

•6606 

.3556 

1.2505 

.9942 

1.J007 

• 9987 

• 9995 

1.0003 

1.650 

5.377E*07 

.9910 

1.4111 

178.64 

.2186 

•6466 

.3371 

1.2926 

.9942 

1.0007 

.9987 

.9994 

1.0003 

1.700 

5.297E*07 

.9911 

1.4109 

176.74 

.2028 

•6329 

.3195 

1.3380 

.9943 

1.JJ07 

.9986 

.9994 

1.0004 

1.750 

5.211E»07 

.9912 

1.4108 

174.84 

.1880 

.6193 

.3027 

1.3870 

.9943 

1.0007 

• 9986 

.9993 

1.0004 

1.800 

5.119E»07 

.9913 

1.4106 

172.96 

.1742 

.6059 

.2866 

1.4396 

.9943 

1.0006 

.9985 

.9992 

1.0005 

1.850 

5.021E*07 

.9914 

1.4105 

171.08 

• 1613 

.5928 

.2713 

1.4959 

.9944 

1.0006 

.9985 

.9991 

1.0006 

1.900 

4.918E»07 

.9915 

1.4103 

169.21 

.1493 

.5798 

.2567 

1.5562 

.9944 

1.0005 

.9985 

• 9990 

1.0006 

1.950 

4.81«)E»07 

.9916 

1.4102 

167.35 

• 1382 

.5671 

.2429 

1.6204 

.9944 

1.0005 

.9984 

.9989 

1.0007 

2.000 

4.699E»07 

.9917 

1.4101 

165.51 

.1279 

.5547 

.2298 

1.6887 

.9944 

1.0004 

• 9984 

.9987 

1.0008 


OO 

VO 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





D. TT * 

120 K 

PT = 3 

ATM 

OT * 6. 

848 KGM/M3 

CONTINUED 




HACH 

REY/M 

L 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/DT 

A/ A* 

M 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/DT 

GAS VALUES 

A /A* 

0*000 

0. 

.9647 

1.4512 

219.21 

l.OOOi) 

l.ooou 

1.0000 

I 

.9817 

1.0000 

1.0000 

1.0000 

I 

.050 

1.174E«'07 

.9647 

1.4512 

219.15 

.9983 

.9995 

.9988 

11.5883 

.9817 

1.0000 

1.0000 

1.0000 

.9997 

.100 

2.341E«-07 

.9647 

1.4511 

218.99 

.9931 

• 9980 

.9951 

5.8200 

.9817 

1.0001 

1.0000 

1.0001 

.9997 

.150 

3.494E^'07 

.9648 

1.4510 

218.71 

.9846 

.9955 

.9890 

3.9089 

.9817 

1.0002 

.9999 

l.OOOl 

.9996 

.200 

4.626E«-07 

.9648 

1.4508 

218.33 

.9725 

.9920 

.9803 

2.9628 

.9017 

I.OjOO 

.9999 

1.0000 

.9997 

.250 

5.73lEfr07 

.9649 

1.4506 

217.84 

'.9575 

.9875 

.9695 

2.4021 

.9816 

l.OOOl 

.9998 

1.0000 

.9998 

.300 

6.804E4-07 

.9650 

1.4503 

217.24 

. 9396 

.9021 

.9564 

2.0346 

.9816 

1.0001 

.9998 

1.0000 

.9998 

.350 

7.838E«-07 

.9651 

1.4500 

216.54 

.9189 

.9758 

.941.3 

1.7776 

.9816 

1.0002 

.9997 

1.0001 

.9998 

.AOO 

8.828EI-07 

.9652 

1.4496 

215.75 

.8953 

.9686 

.9243 

1.5898 

.9815 

1. J002 

.9996 

1.0001 

.9998 

.450 

9.771E4-07 

.9654 

1.4493 

214.86 

.8T05 

• 9606 

.9056 

1.4484 

.9815 

1.0U03 

.9995 

1.0001 

.9998 

.500 

1.066E«'08 

.9655 

1.4488 

213.07 

.8433 

.9518 

.8853 

1.3396 

.9815 

l.OOOA 

.9994 

1.0001 

.9998 

.550 

1.15JEf08 

.9657 

1.4484 

212.80 

• 8146 

.9422 

• 8636 

1.2547 

.9814 

1.0005 

.9992 

1.0002 

.9990 

.600 

1.228E^08 

.9659 

1.4479 

211.65 

.7845 

.9320 

.0406 

1.1880 

.9814 

1.0006 

.9991 

1.0002 

.9990 

.650 

1.300E«^08 

.9661 

1.4474 

210.42 

.7534 

.9212 

• 8166 

1.1354 

.9814 

1.0 JOT 

.9990 

1.0002 

• 9998 

.700 

1.366Efr08 

.9663 

1.4468 

209.12 

.7214 

.9097 

.7916 

1.0944 

.9813 

1.0007 

.9989 

1.0001 

l.OOOO 

.750 

1.425E4.08 

.9666 

1.4462 

207.75 

.6891 

.8977 

.7661 

1.0625 

.9813 

1.00J8 

.9907 

1.0001 

1.0000 

• 800 

1.479E4-O0 

• 9668 

1.4457 

206.32 

.6566 

.8853 

.7401 

1.0383 

.9815 

1.CJ09 

.9986 

1.0001 

l.OOOO 

.050 

1.527E«-08 

.9671 

1.4451 

204.83 

.6242 

.8724 

.7137 

1.0207 

.9815 

1.0510 

.9985 

1.0001 

l.OOOO 

.900 

1.569E4'O0 

.9674 

1.4444 

203.28 

• 5920 

.8591 

.6871 

1.0089 

.9813 

1.0012 

.9983 

1.0001 

1.0000 

.950 

1.605E4‘08 

.9677 

1.4438 

201.68 

.5602 

.8456 

.6605 

1.0022 

.9813 

1.0013 

.9982 

l.OOOl 

1.0000 

I. 000 

1.635E<-J8 

.9680 

1.4432 

200.04 

.5291 

.8317 

.6340 

1.0000 

.9814 

1.0015 

.9980 

1.0000 

1.0000 

1.050 

1.66OEfO0 

.9683 

1.4426 

198.36 

.4987 

.8176 

.6077 

1.0020 

.9814 

1.0016 

.9979 

l.OOOO 

1 . ouuo 

1.100 

1.679EfJ8 

.9686 

1.4419 

196.64 

.4692 

.8034 

.5817 

1.0080 

.9814 

1.0J18 

.9978 

1.0000 

1.0000 

1.150 

1.694E«-08 

.9689 

1.4413 

194.90 

.4407 

.7890 

.5561 

1.0175 

.9815 

1.0019 

.9976 

.9999 

1.0000 

1.200 

1.704E*-08 

.9692 

1.4407 

193.12 

.4132 

.7744 

.5311 

1.0305 

.9815 

1.0J20 

.9975 

.9996 

1.0001 

1.250 

1.709E«“08 

• 9696 

1.4401 

191.32 

.3869 

.7599 

.5066 

1.0468 

.9816 

1.0021 

.9973 

.9997 

1.0001 

1.300 

1.710E#-08 

.9699 

1.4394 

189.50 

.3617 

.7453 

.4827 

1.0664 

.9817 

1.0J22 

.9972 

.9996 

l.OOOl 

1.350 

1.707E«*08 

.9702 

1.4388 

187.67 

.3378 

.7307 

.4596 

1.0892 

.9817 

1.0023 

.9971 

.9995 

1.0002 

1.400 

1.701E«*08 

.9706 

1.4382 

185.82 

.3150 

.7162 

.4372 

1.1152 

.9618 

1.0024 

.9969 

.9994 

1.0003 

1.450 

1.691E*08 

.9709 

1.4377 

103.96 

.2934 

.7017 

.4155 

1.1443 

.9819 

1.0024 

.9968 

.9992 

1.0003 

1.500 

1.677Efr08 

.9712 

1.4371 

182.09 

.2731 

.6873 

.3946 

1.1767 

.9820 

1.0024 

.9966 

.9990 

1.0004 

1.550 

1.661E*^08 

.9716 

1.4366 

180.22 

.2539 

.6731 

.3745 

1.2122 

.9820 

1.0J24 

.9965 

.9980 

1.0U06 

1.600 

1.642E«'08 

.9719 

1.4360 

178.35 

.2358 

.6590 

.3552 

1.2511 

.9821 

1.C024 

.9963 

.9986 

1.0007 

1.6 50 

1.621E«-08 

.9722 

1.4355 

176.48 

.2189 

.6450 

.3368 

1.2933 

.9822 

1.0J23 

.9962 

• 9983 

i.oooe 

1.700 

1.597E«'08 

.9726 

1.4350 

174.62 

.2031 

• 6312 

.3191 

» ,1.3389 

.9823 

1.0023 

.9961 

.9981 

1.0010 

1.750 

1.571E«-08 

.9729 

1.4345 

172.75 

.1882 

.6176 

• 3022 

1.3881 

.9824 

1.0022 

.9959 

.9978 

1.0012 

1.800 

1.544E»08 

.9732 

1.4341 

170.90 

.1744 

• 6042 

• 2861 

1.4410 

.9825 

1.C020 

.9958 

.9975 

1.0014 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





D. TT = 

120 K 

PT = 5 

ATM 

OT * 15. 

133 KGM/M3 

CUNT INUEO 




HACH 

REf/M 

L 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

0/DT 

A/ A# 


P/PT 

'RELATIVE 

T/TT 
TO lOEAL 

D/OT 

GAS VALUES- 

A/A* 

0*J00 

0. 

• 9400 

X.49X8 

216.36 

1.0000 

1.0000 

1.0000 

I 

.9690 

l.oooo 

1.0000 

1.0000 

I 

• 050 

X. 9506^07 

• 9400 

1.4917 

216.31 

.9983 

.9995 

.9988 

11.5854 

.96 89 

1.0000 

1.0000 

1.0000 

.9994 

• 100 

3.889E*-07 

.9401 

1.4916 

216.14 

.9931 

.9930 

.9951 

5.6184 

.96 89 

l.OOUl 

l.oooo 

l.ooai 

.9993 

.150 

5.805E«-07 

.9401 

X.4914 

215.86 

.9845 

.9954 

.9889 

3.9082 

.9689 

l.CJOl 

.9999 

1.0000 

.9995 

• 200 

7.687E*07 

.9402 

X.491X 

215.48 

. 9726 

.9919 

.9803 

2.9620 

.9688 

l.OoOl 

.9998 

l.OOJl 

.9995 

.250 

9.525E«-07 

.9404 

1.4907 

214.99 

.9576 

.9874 

.9695 

2.4015 

• 9688 

1.0001 

.9997 

1.0001 

.9995 

.300 

X.X3XEf08 

.9405 

X.4902 

214.39 

.9397 

.9819 

.9565 

2.0341 

.9687 

1.0002 

.9996 

1.0001 

.9995 

.350 

1.303E1-08 

.9407 

1.4897 

213.70 

.9191 

.9756 

.9414 

1.7772 

. 96 87 

1.0003 

.9995 

1.0002 

.9996 

.400 

X.468E«-08 

.9409 

X.4891 

212.90 

.8960 

.9683 

.9245 

1.5895 

.96 36 

1.0004 

.9993 

1.0002 

.9996 

• 450 

1.625E<'J8 

.9411 

1.4884 

212.01 

• 8706 

.9602 

.9056 

1.4484 

.9685 

1.0003 

.9991 

1.0001 

.9998 

.500 

1.773E4-08 

.94X4 

1.4876 

211.04 

.8434 

.9514 

.8853 

1.3597 

.96 84 

1.0005 

.9990 

1.0001 

.9999 

.550 

X.9X3E*08 

.94X6 

1.4868 

209.97 

• 6146 

.9418 

• 8635 

1.2546 

.9634 

1.0006 

.9988 

l.OOOl 

.9999 

• 600 

2.043E«'08 

.9419 

1.4859 

208.83 

.7846 

.9315 

.8406 

1.1881 

.9682 

1.0007 

.9986 

1.0002 

.9999 

.650 

2.X63E«'08 

.9423 

1.4850 

207.61 

. 7535 

.9206 

• 8166 

1.1356 

.96 82 

i. 0009 

.9964 

1.0002 

1.0000 

.700 

2.274Ef08 

.9426 

1.4841 

206.32 

.7217 

.9091 

.7917 

1.0944 

.9682 

l.COll 

.9981 

1.0002 

1.0000 

.750 

2.374E*'08 

.9430 

1.4831 

204.96 

.6895 

.8970 

.7662 

1.0624 

.9681 

1.0J13 

.9979 

1.0002 

1.0000 

• 600 

2.465Ef08 

.9434 

1.4620 

203.54 

.6570 

.8845 

.7402 

1.0383 

.9681 

1.0016 

.9977 

1.0003 

1.0000 

• 850 

2.545EI-08 

.9438 

1.4810 

202.07 

.6246 

.8715 

.7138 

1.0207 

.9681 

1.0J18 

.9975 

1.0003 

1.0000 

• 900 

2.616E4'08 

.9443 

1.4799 

200.54 

.5925 

.8582 

.6872 

1.0089 

.9681 

1.0021 

.9973 

1.0003 

1.0000 

.950 

2.677E4-08 

.9447 

1.4788 

198.96 

• 5608 

.8446 

• 6606 

1.0022 

.9681 

1.0023 

.9970 

1.0003 

1.0000 

I.OOO 

2.728Ef08 

.9452 

1.4777 

197.35 

.5297 

.8307 

• 6341 

1.0000 

.9681 

1.0026 

.9968 

1.0003 

1.0000 

1.050 

2.771Ef08 

.9457 

1.4765 

195.69 

.499 3 

.8165 

.6078 

1.0020 

. 9682 

1.0029 

.9966 

1.0002 

1.0000 

l.XOO 

2.804E<-08 

.9462 

1.4754 

194.00 

• 4693 

.3022 

.5818 

1.0079 

.9682 

1.0031 

.9964 

1.0002 

1.0000 

1.150 

2.B30E«>08 

.9468 

1.4743 

192.28 

.4413 

.7870 

.5562 

1.0175 

.96 83 

1.0034 

.9961 

1.0001 

1.0000 

X.200 

2.847E4-08 

.9473 

1.4732 

190.53 

.4139 

. 7732 

.5311 

1.0305 

• 96 84 

1.0036 

.9959 

l.oooo 

1.0000 

1.250 

2.057E<'O8 

.9478 

1.4721 

188.76 

.3875 

.7586 

.5066 

1.0468 

.96 85 

1.0038 

.9957 

.9990 

l.OOOI 

X.300 

2.860E«'08 

.9484 

1.4710 

136.98 

• 3624 

.7440 

.4827 

1.0665 

.96 86 

1.0O4J 

• 9954 

.9997 

l.OOOl 

1.350 

2.856E«’06 

.9490 

1.4699 

185.17 

.3384 

.7294 

.4596 

1.0893 

.96 87 

1.0041 

.9952 

.9995 

1.0002 

1.400 

2.846E«‘0e 

.9495 

1.4668 

183.36 

.3156 

.7148 

.4371 

1.1153 

.9686 

1. JJ43 

.9950 

.9992 

1.0003 

1.450 

2.829E»08 

• 9501 

1.4678 

181.54 

• 2940 

.7003 

.4154 

X .1440 

.9690 

1.0042 

.9947 

.9980 

1.0006 

X.500 

2.808E^06 

• 9506 

1.4666 

179.71 

.2736 

.6859 

.3944 

1.1770 

.9691 

1.CU42 

.9945 

.9985 

1.0008 

X.550 

2.782E«>08 

.9512 

1.4658 

177.88 

• 2544 

.6716 

.3743 

1.2127 

.9692 

I.C042 

.9943 

• 9981 

1.0010 

1.600 

2.75X£fr08 

.9518 

1.4648 

176.04 

• 2363 

.6575 

.3550 

1.251t 

.9694 

1.0042 

.9940 

.9978 

1.0012 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





0. TT = 

120 K 

PT = 8 

ATM 

DT * 25. 

260 KGM/M3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 

U 

P/PT 

T/TT 

O/OT 

A/A^ 


P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9010 

1.5661 

211.88 

1.0000 

1.0000 

1.0000 

I 

.9489 

l.OUOO 

1.0000 

1.0000 

I 

.050 

3.112E*^07 

.9010 

1.5660 

211.82 

.9983 

.9995 

.9988 

11.5740 

.9488 

1.0000 

1.0000 

1.0000 

.9985 

• 100 

6.206E«-07 

.9011 

1.5658 

211.65 

.9932 

.9979 

.9952 

5.8126 

.9488 

1.0002 

.9999 

1.0002 

.9984 

.150 

9.263E«^07 

.9012 

1.5654 

211.37 

.9845 

.9954 

.9889 

3.9048 

.9487 

1.3001 

.9998 

1.0001 

.9986 

• 200 

1.227E»O0 

• 9013 

1*5649 

210.99 

.9727 

.9918 

.9804 

2.9594 

.9406 

1.0002 

.9997 

1.0001 

.9986 

.260 

1.520E«’08 

.9015 

1.5642 

210.49 

.9576 

.9872 

.9695 

2.3999 

.9485 

1.0001 

.9995 

l.OOOO 

.9988 

•300 

1*805E>08 

• 9017 

1*5634 

209.89 

.9396 

• 9817 

• 9565 

2.0329 

.9484 

1.0U02 

.9994 

1.0001 

.99 89 

.350 

2.oaoe«-o6 

^9019 

1.5625 

209 . 19 

.9190 

.9752 

.9414 

1.7763 

.9483 

1.0003 

.9991 

1.0001 

.9991 

.400 

2.344Efr08 

.9022 

1.5614 

238.40 

.8959 

.9679 

• 9244 

1.5888 

.9481 

1.0004 

.9989 

1.0002 

• 9992 

.450 

2,595E«^08 

.9025 

1.5602 

207.51 

.8707 

.9598 

.9057 

1.^477 

.9479 

1.0005 

.9986 

1.0002 

• 9993 

.500 

2.834E«^08 

.9029 

1.5589 

206.53 

.8436 

.9508 

• 8854 

1.3390 

.9476 

1.0007 

.9984 

1.0003 

.9994 

.550 

3.057E»08 

.9033 

1.5575 

205.47 

.8149 

.9411 

.8637 

1.2543 

.9476 

1.0009 

.9981 

1.0003 

.9995 

.600 

3.267EI-08 

.9037 

1.5559 

204.33 

.7849 

.93 37 

• 8408 

1.1877 

.9475 

1.0012 

.9978 

1.0004 

.9996 

• 650 

3*460E^08 

• 9042 

1.5543 

203.12 

.7538 

.9197 

.8167 

1.1354 

.9473 

1.0013 

.9974 

1.0003 

.9998 

.700 

3.638E«'08 

.9047 

1.5526 

201.84 

.7221 

.9081 

.7919 

1.0943 

.9472 

1.0016 

.9971 

1.0004 

.9999 

• 750 

3.800E4’08 

• 9053 

1.5508 

200.50 

.6899 

• 8960 

• 7664 

1.0625 

.9471 

1.0019 

.9968 

1.0004 

1.0000 

.800 

3.946E*08 

• 9059 

1.5490 

199.10 

.6576 

.8834 

.7404 

1.0383 

.9470 

1.0023 

.9964 

1.0005 

l.OOOO 

.650 

4,077E<*08 

•9066 

1.5471 

197.65 

.6253 

.8704 

• 7140 

1.0207 

• 9469 

1.0027 

.9961 

1.0005 

1.0001 

• 900 

4.192E«-08 

.9072 

1.5452 

196.14 

• 5932 

.8570 

.6675 

1.0089 

.9469 

1.0032 

• 9958 

1.0005 

1.0001 

.950 

4.292EfO0 

.9079 

1.5432 

194.60 

.5615 

• 8432 

• 6609 

1.3022 

.9469 

1.0036 

.9954 

1.0006 

1.0001 

1.000 

4.377E^08 

.9087 

1.5413 

193.01 

.5305 

.8293 

.6343 

1.0001 

.9469 

1.0041 

.9951 

1.0006 

1.0001 

1.050 

4.447E**08 

.9094 

1.5392 

191.39 

.5002 

.8150 

• 6080 

1.0021 

.9469 

1.0045 

.9947 

1.0005 

1.0001 

l.lOO 

4.504E*-08 

.9102 

1.5372 

189.74 

.4707 

.8007 

• 5820 

1.0080 

.9470 

1.0050 

.9944 

1.0004 

l.OOOI 

1.150 

4.547E*'08 

• 9110 

1.5352 

168.06 

.4423 

.7861 

.5564 

1.0175 

.9471 

1.0054 

.9940 

1.0003 

1.0001 

1*200 

4.577E»08 

• 9119 

1.5332 

186.36 

.4148 

.7715 

.5313 

1.0306 

.9472 

1.0058 

.9937 

1.0002 

1.0002 

1.250 

4.595E«-08 

.9127 

1.5312 

164.64 

.3885 

.7569 

.5067 

1.0470 

.9473 

1.0062 

.9933 

.9999 

1.0002 

1*300 

4«602£«>08 

• 9136 

1.5292 

182.90 

• 3633 

• 7422 

• 4828 

1*0666 

.9475 

1.0065 

.9930 

•9997 

1.0003 

1*350 

4»598E«'08 

.9145 

1.5273 

181.15 

.3393 

.7275 

.4595 

1.0895 

• 9476 

1.0068 

.9926 

.9993 

1.0005 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





D. TT = 

120 K 

PT * 10 

ATM 

OT = 32. 

574 KGM/M3 

CONCLUDED 




MACH 

REY/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

0/DT 

A/A* 

W 

P/PT 

■RELATIVE 

T/TT 
TO IDEAL 

D/OT 

GAS VALUES- 

A/A* 

0*000 

0. 

.8734 

1.6278 

208.72 

1.0000 

1 .0000 

1.0000 

I 

.9347 

1.0000 

1.0000 

1.0000 

I 

• 050 

3.888Ei‘07 

.8734 

1.6277 

206.66 

• 9983 

.9995 

.9988 

11.5650 

.9347 

1.0001 

1.0000 

1.0001 

.9977 

• 100 

7.754Ef07 

• 8735 

1.6274 

208.49 

.9931 

.9979 

• 9951 

5.8090 

.9346 

1.0001 

• 9999 

1.0001 

.9978 

.150 

1.158E«>08 

.8736 

1.6269 

208.21 

.^845 

.9953 

• 9090 

3.9019 

.9345 

1.0001 

• 9998 

1.0001 

.9978 

• 200 

1.5336^08 

.8737 

1.6262 

207.82 

.9726 

.9917 

• 9803 

2.9577 

.9344 

l.OUOl 

.9996 

1.0001 

• 9980 

.250 

1«900E«'08 

.8739 

1.6254 

207.32 

.9576 

.9871 

.9695 

2.3984 

.9342 

l.OOOI 

.9994 

1.0001 

• 9982 

• 300 

2.256E«'08 

.8741 

1.6243 

206.71 

.9396 

.9815 

.9565 

2.0317 

.9340 

1.0002 

.9992 

I .0001 

• 9984 

• 350 

2.600E«>08 

.8744 

1.6231 

206.01 

.9190 

.9751 

.9415 

1.7754 

.9338 

1.0003 

.9989 

1.0002 

.9965 

• 400 

2.930E«^08 

.8747 

1.6217 

205.20 

.6960 

• 9677 

.9245 

1.5661 

.9336 

1.0004 

• 9986 

1.0003 

.9967 

•450 

3.245E4-08 

.8751 

1.6200 

204.31 

• 8706 

.9595 

.9057 

1.4473 

.9333 

1.0004 

• 9983 

1.0002 

• 9991 

.500 

3.543E«'08 

.8755 

1.6183 

203.33 

• 6436 

.9504 

.8854 

1.3388 

.9331 

1.0006 

•9960 

1.0003 

.9992 

• 550 

3«823Ef08 

• 8760 

1.6164 

202.27 

• 8149 

.9407 

.8637 

1.2542 

.9328 

1.0009 

.9976 

1.0003 

.9994 

• 600 

4.086E«^08 

.8765 

1.6144 

201.13 

• 7849 

• 9303 

• 8408 

1.1877 

• 9326 

1.0012 

.9972 

1.0004 

• 9996 

•650 

4.329E«'08 

.8770 

1.6123 

199.92 

.7540 

.9192 

.8169 

1.1353 

.9324 

1.0015 

.9960 

1.0005 

.9997 

.700 

4.553E«’0e 

.8776 

1.6100 

198.64 

.7223 

.9075 

.7921 

1.0942 

.9322 

1.0020 

• 9964 

1.0007 

• 9996 

.750 

4.757E«'08 

.8783 

1.6076 

197.30 

.6902 

.8953 

• 7666 

1.0623 

.9320 

1.0024 

•9961 

1.0008 

• 9999 

• 800 

4.942E«'08 

.8790 

1.6052 

195.91 

.6579 

.8827 

.7406 

1.0382 

.9318 

1.0029 

.9956 

1.0009 

1.0000 

• 850 

5*107E«^08 

• 8798 

1.6027 

194.47 

.6257 

• 8696 

.7143 

i.0207 

.9317 

1.0035 

.9952 

1.0010 

1.0000 

•900 

5.253E«'08 

.8806 

1.6001 

192.98 

.5937 

• 8561 

• 6678 

1.0089 

.9316 

1.0041 

.9948 

l.OOll 

1.0000 

.950 

5.379E«0e 

• 8814 

1.5974 

191.45 

.5621 

.8424 

• 6612 

1.0022 

• 9316 

1.0047 

.9944 

1.0011 

1.0000 

1.000 

5.487E«^08 

• 8823 

1.5947 

189.89 

• 5311 

.8283 

.6347 

1.0000 

.9315 

1.0053 

.9940 

1.0012 

1.0000 

1.050 

5.578E*08 

.8832 

1.5920 

188.29 

• 5008 

.8141 

• 6083 

1.0020 

.9316 

1.0059 

.9936 

1.0011 

1.0000 

1.100 

5.650E«>08 

.8842 

1.5892 

186.66 

.4714 

.7997 

.5823 

1.0079 

.9316 

1.0066 

.9932 

1.0011 

1.0000 

1.150 

5.705E«^0e 

.8852 

1.5865 

185.01 

.4429 

.7851 

.5566 

1.0176 

.9317 

1.0070 

.9928 

1.0008 

1.0002 

1.200 

5.74664^08 

• 8862 

1.5837 

183.34 

• 4155 

.7705 

.5315 

1.0307 

• 9316 

1.0075 

.9923 

1.0006 

1.0003 


jr 

U) 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





E. 

TT = 130 

K PT 

» 1 ATM 

OT 

> 2.650 

KGM/M3 





MACH 

REY/M 

1 

GAMMA 

W 

P/PT 

T/TT 

O/OT 

A /A* 

W 

P/PT 

T/TT 

D/OT 

A/A« 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES- 


o«oou 

0. 

.9909 

1.4130 

231.37 

1.0000 

l.OOOO 

1.0000 

I 

.9955 

1.0000 

l.OOOO 

1.0000 

I 

.050 

3.497E*06 

.9909 

1.4130 

231.31 

• 9983 

.9995 

• 9988 

11.5900 

.9955 

1.0000 

l.OOOO 

1.0000 

• 9999 

• 100 

6.974E»06 

.9909 

1.4130 

231.13 

.9930 

.9980 

.9950 

5.8210 

.9955 

1.0000 

1.0000 

l.OOOO 

.9999 

.150 

1.041E*07 

.9909 

1.4130 

230.84 

• 9644 

.9955 

.9889 

3.9098 

.9955 

1.0000 

1.0000 

1.0000 

.9998 

.200 

1.378Efr07 

.9909 

1.4129 

230.44 

.9725 

.9920 

.9803 

2.9630 

.9955 

1.0001 

1.0000 

1.0001 

.9998 

.250 

1.707E«'07 

.9910 

1.4129 

229.93 

.9575 

.9876 

.9695 

2.4023 

• 9955 

l.OOOI 

.9999 

1,0001 

.9998 

• 300 

2.026E«'07 

.9910 

1.4128 

229.30 

.9396 

.9822 

.9565 

2.0367 

.9956 

1.0001 

.9999 

1,0001 

.9998 

.350 

2.333E«-07 

.9910 

1.4127 

228.57 

.9169 

.9760 

.9414 

1.7776 

.9954 

1.0001 

.9999 

1.0002 

.9998 

• ^00 

2.6276 V07 

.9910 

1.4126 

227,73 

.8958 

.9689 

.9245 

1.5898 

.9954 

1.0002 

.9999 

1.0002 

• 9998 

.450 

2.906E«-07 

.9911 

1.4125 

226.60 

.8703 

.9609 

.9055 

X.6687 

.9956 

1,C000 

.9998 

1.0000 

1.0000 

.500 

3.17i)E*07 

.9911 

1.4124 

225.77 

.8431 

.9522 

.8852 

1.3398 

.9954 

l.OOOO 

•9996 

1.0000 

1,0000 

.550 

3.413E«^07 

.9912 

1.4123 

224.64 

.8142 

.9427 

.8634 

1.2550 

.9956 

1.0000 

.9998 

1.0000 

1.0000 

.600 

3.648E«^07 

.9912 

1.4121 

223.43 

.7841 

.9326 

• 8405 

1.1862 

.9954 

l.OOOI 

.9997 

l.OOOO 

1,0000 

.650 

3.860E«-07 

.9913 

1.4120 

222.14 

.7529 

.9218 

.8165 

1.1356 

.9953 

1.0001 

.9997 

1.0000 

1.0000 

.700 

4.054E«'07 

.9913 

1.4119 

220.76 

.7210 

.9104 

.7916 

1.0944 

• 9953 

1.0001 

.9996 

1.0000 

1.0000 

.750 

4.2306^07 

.9914 

1.4117 

219.32 

.6887 

.8985 

,7661 

1.0625 

.9953 

1.0001 

.9996 

1.0000 

1.0000 

.800 

4.387E*^07 

.9915 

1.4116 

217.80 

.6551 

.8861 

.7600 

1.0383 

.9953 

l.OOOI 

.9995 

1.0000 

1.0000 

• 850 

4,5276*07 

.9915 

1.4114 

216.22 

• 6236 

.8733 

.7137 

1.0207 

.9953 

L.0002 

.9995 

1.0001 

1.0000 

.900 

4.648E*-07 

.9916 

1.4112 

214.59 

.5914 

.8601 

.6871 

1.0089 

.9953 

1.0002 

.9994 

l.OOOI 

1. 0000 

.950 

4.753E«-07 

.9917 

1.4111 

212.90 

.5596 

.6466 

.6605 

1.0022 

.9953 

1.0003 

.9994 

1.0001 

1.0000 

1.000 

4.8406^07 

.9918 

1.4109 

211.16 

.5285 

.8328 

.6340 

1.0000 

.9953 

1.0003 

.9994 

1.0001 

1.0000 

1.050 

4.9126^07 

.9918 

1.4107 

209.38 

.4981 

.8188 

.6077 

1.0021 

.9953 

1.0003 

.9993 

1.0001 

1.0000 

1.100 

4.968E«-07 

.9919 

1.4105 

207.56 

.4685 

• 6046 

.5813 

1.0079 

.9953 

1.0004 

.9993 

1.0001 

1.0000 

1.150 

5.009E^07 

.9920 

1.4104 

205.71 

.4400 

.7902 

.5562 

1.0175 

.9953 

1.0004 

.9992 

1.0001 

1.0000 

1.200 

5.036E<-07 

.9921 

1.4102 

203.82 

.4126 

.7758 

.5312 

1.0305 

.9953 

1.0J04 

.9992 

1.0001 

l.OOOO 

1.250 

5.050E*-07 

.9922 

1.4100 

201.91 

.3863 

.7613 

.5067 

1.0468 

.9953 

1.0005 

.9991 

1.0000 

1.0000 

1.300 

5.052E^07 

.9923 

1.4099 

199.98 

• 3611 

.7467 

.4829 

1.0663 

.9953 

1.0005 

.9991 

1.0000 

1.0000 

1.350 

5.043E«'07 

.9924 

1.4097 

198.03 

.3372 

.7322 

.4598 

1.0891 

.9953 

1.0005 

.9990 

l.OOOO 

1.0000 

1.400 

5.023E^07 

.9924 

1.4095 

196.07 

.3144 

.7177 

.4374 

1.1150 

.9953 

1.0006 

.9990 

1.0000 

1.0001 

1.450 

4.993E«-07 

.9925 

1.4094 

194.09 

.2929 

.7033 

.4158 

1.1440 

.9953 

1.0006 

.9990 

l.OOOO 

l.OOOI 

1.500 

4.955EV07 

.9926 

1.4092 

192.11 

.2726 

• 6889 

.3950 

1.1762 

.9953 

1.0006 

• 9989 

.9999 

1.0001 

1.550 

4.908E*'07 

.9927 

1.4091 

190.13 

.2534 

.6747 

.3749 

1.2117 

.9954 

1.0006 

.9989 

.9999 

l.OOOI 

1.600 

4.854EfrC7 

.9928 

1.4089 

188.14 

.2354 

.6606 

.3557 

1.2504 

.9954 

1.0006 

.9988 

• 9998 

l.OOOI 

1.650 

4.792E«^07 

.9929 

1.4088 

186.15 

.2185 

.6467 

.3373 

1.2924 

.9954 

1.0006 

• 9988 

•9998 

1.0002 

1.700 

4.725Efr07 

.9930 

1.4087 

184.17 

.2027 

.6329 

.3196 

1.3378 

.9954 

1.0006 

.9988 

.9997 

1.0002 

1.750 

4.652E*-07 

.9931 

1.4085 

182.19 

.1879 

• 6194 

• 3028 

1.3868 

.9954 

1.0006 

.9987 

.9997 

1.0003 

1.600 

4.574E*-07 

.9932 

1.4084 

160.22 

.1741 

.6060 

.2867 

1.4394 

.9955 

1.0006 

.9987 

.9996 

1.0003 

1.650 

4. 4926*07 

.9932 

1.4083 

178.26 

• 1613 

.5928 

.2714 

1.4957 

.9955 

1.0005 

•9986 

.9995 

1.0003 

1.900 

4.406E*07 

.9933 

1.4062 

176.32 

.1493 

.5799 

.2569 

1.5558 

.9955 

1.0005 

• 9986 

.9995 

1.0004 

1.950 

4.3166*07 

.9934 

1.4080 

174.38 

.1382 

.5672 

• 2430 

1.6200 

.9955 

1.0005 

.9985 

.9994 

1.0005 

2.000 

4.2236*07 

.9935 

1.4079 

172.46 

.1279 

.5547 

.2299 

1.6863 

.9955 

1.0004 

.9985 

.9993 

1.0005 



TABLE t, REAL-GAS ISENTRORIC EXPANSIONS OF NITROGEN 





E. TT « 

130 K 

PT • 3 

ATH 

OT « 8. 

102 KGM/M3 

CONTINUED 




MACH 

R6Y/H 

1 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

D/OT 

A/ A* 

w. 

P/PT 

T/TT 

O/OT 

A/A« 










1 A VC 

■U lUCML 

vAd vALUCd'’ 


0*000 

0* 

•9724 

1*4410 

229.22 

1.0000 

1.0000 

1^0000 

I 

• 9863 

l^OOOO 

1.0000 

1.0000 

I 

• 050 

1.045E«^07 

.9724 

1.4410 

229.17 

.9983 

.9995 

• 9988 

11.5857 

• 9863 

1.0000 

l.OOOO 

l.OOOO 

.9995 

•100 

Z.OSAE^OT 

.9724 

1*4409 

228.99 

*9931 

• 9980 

*9951 

5.8188 

*9863 

1.0001 

1.0000 

1.0001 

.9994 

• 150 

3.110E«^07 

.9724 

1.4406 

228.70 

.9845 

.9955 

.9890 

3.9081 

• 9862 

I. 0001 

.9999 

1.0001 

• 9994 

• 200 

4.117E»07 

.9725 

1.4407 

228.30 

.9725 

.9920 

.9803 

2*9622 

*9862 

1.0000 

• 9999 

1.0000 

.9995 

• 250 

5.101E«^07 

.9725 

1.4405 

227.78 

.9575 

.9875 

• 9694 

2.4017 

• 9862 

1.0000 

.9998 

1.0000 

.9996 

•300 

6.054Em 

.9726 

1.4403 

227.15 

.9395 

• 9821 

.9564 

2.0343 

• 9861 

1.0000 

• 9998 

l.OOOO 

• 9996 

• 350 

6.974E*07 

.9727 

1.4400 

226.42 

.9188 

.9758 

• 9413 

1.7773 

• 9861 

1.0000 

•9997 

1 .0001 

• 9996 

•400 

T.SSAEt'OT 

.9728 

1.4397 

225.58 

.8957 

•9686 

.9243 

1.5896 

• 9860 

1.0001 

• 9996 

1.0001 

.9997 

•450 

8*691E«^07 

.9729 

1.4394 

224.65 

.8704 

*9606 

.9056 

1.4482 

• 9860 

1.0001 

.9995 

1.0001 

.9997 

• 500 

9.483E«-07 

.9730 

1.4390 

223.62 

.8431 

.9518 

.8853 

1.3395 

.9859 

1.0002 

.9994 

l.OOOl 

.9997 

•550 

1*023E>08 

.9731 

1.4386 

222.50 

• 8143 

*9423 

• 8636 

1.2546 

.9859 

1.0002 

.9993 

1.0002 

• 9998 

• 600 

1.092E»08 

.9733 

1.4382 

221.29 

.7842 

.9321 

.8406 

1.1879 

.9858 

1.0003 

.9992 

1.0002 

• 9998 

.650 

1.155E^08 

.9734 

1.4378 

220.00 

.7531 

*9212 

• 8166 

1.1354 

.9858 

1.0003 

•9990 

1.0002 

• 9998 

' .700 

1.214Efr06 

.9736 

1.4373 

218.63 

.7212 

.9098 

.7918 

1.0942 

.9857 

1.0004 

• 9989 

1.0003 

.9998 

•750 

1.267E»08 

.9738 

1.4369 

217.19 

.6889 

.8978 

• 7663 

1.0622 

.9857 

1«0005 

• 9968 

1.0003 

.9998 

• 600 

1*315E«^08 

.9740 

1.4364 

215.68 

.6564 

• 8854 

.7A02 

1.0380 

• 9856 

1.0006 

.9987 

1.0003 

.9998 

•850 

1.357E«-0S 

.9742 

1.4359 

214.11 

.6240 

.8725 

.7139 

1.0205 

.9856 

1.0008 

.9985 

1.0004 

.9998 

•900 

1.393E^0e 

.9744 

1.4353 

212.49 

.5917 

.8592 

.6872 

1.0089 

• 9656 

1.0007 

•9984 

1.0002 

1.0000 

•950 

1.425E«-08 

.9746 

1.4348 

210.82 

.5599 

.8457 

• 6606 

1.0022 

.9855 

1.C008 

.9983 

1.0002 

1.0000 

1*000 

1*452E^08 

.9748 

1.4343 

209.09 

*5288 

• 8318 

• 6341 

1.0000 

.9855 

1.0009 

.9982 

1.0002 

1.0000 

1.050 

1.474Efr08 

.9751 

1.4336 

207.33 

.4984 

.8177 

.6078 

1.0020 

.9855 

1.0010 

• 9980 

1.0002 

l.OOOO 

1.100 

1. 491 E ♦'08 

.9753 

1.4332 

205.53 

.4689 

*8035 

.5818 

1.0079 

.9855 

1.0011 

.9979 

1.0002 

1.0000 

1.150 

1.504E«^08 

.9755 

1.4327 

203.69 

.4404 

.7891 

.5563 

1.0175 

.9855 

1.0013 

.9978 

1.0002 

1.0000 

1.200 

1.513E^06 

.9758 

1.4322 

201.83 

.4130 

.7746 

.5313 

1.0305 

• 9855 

1.0014 

.9977 

1*0002 

1.0000 

1.250 

1.517E«^06 

.9761 

1.4316 

199.94 

.3866 

.7600 

• 5068 

1.0466 

.9856 

1.0015 

.9975 

1.0002 

1.0000 

1.300 

1.51dE«>08 

.9763 

1.4311 

198.03 

.3615 

.7455 

.4830 

1.0664 

.9856 

1.0016 

.9974 

1.0001 

l.OOOl 

1.350 

1.516E>08 

.9766 

1.4306 

196.10 

.3375 

.7309 

.4598 

1.0891 

.9856 

1.0017 

.9973 

1.0001 

1.0001 

1.400 

1.511E«^06 

.9769 

1.4301 

194.17 

.3148 

.7164 

.4374 

1.1150 

.9857 

1.0018 

.9972 

1.0000 

1.0001 

1.450 

1.502E4^08 

.9771 

1.4296 

192.22 

• 2933 

.7019 

• 4158 

1.1441 

.9857 

1.0018 

.9970 

.9999 

1.0002 

1.500 

1.491E«^06 

.9774 

1.4291 

190.26 

.2729 

.6875 

.3949 

1.1764 

.9858 

1.0019 

.9969 

.9998 

1.0002 

1.550 

1.477E4-08 

.9777 

1.4286 

188.30 

• 2537 

.6733 

.3748 

1.2119 

• 9858 

1.0019 

• 9968 

.9997 

1.0003 

1.600 

1.46lEt08 

.9780 

1.4282 

186.34 

.2357 

.6592 

.3556 

1.2507 

.9859 

1.0019 

.9967 

.9995 

1.0004 

1.650 

1.443E«^08 

.9782 

1.4277 

184.38 

.2188 

*6452 

• 3371 

1.2928 

• 9859 

1.0019 

.9965 

.9994 

1.0005 

1.700 

1.423E*^08 

.9785 

1.4273 

182.42 

.2030 

.6315 

• 3194 

1.3384 

• 9860 

1.0019 

• 9964 

.9992 

1.0006 

i;750 

1.401E^08 

.9787 

1.4269 

180.47 

.1882 

.6179 

.3026 

1.3875 

.9861 

1.0018 

.9963 

.9990 

1.0007 

1.800 

1.378E«^08 

.9790 

1.4265 

178.53 

.1744 

.6045 

.2865 

1.4402 

• 9861 

1.0018 

.9962 

• 9988 

1.0008 

1.850 

l.354E*'08 

.9793 

1.4261 

176.60 

.1615 

.5913 

.2712 

1.4967 

.9862 

1.0017 

. 9961 

.9986 

1.0010 

1.900 

1.328E«>08 

.9795 

1.4257 

174.68 

.1495 

.5784 

.2566 

1.5571 

• 9862 

1.0016 

.9959 

•9983 

1.0012 

1.950 

1.301E4'08 

.9798 

1.4254 

172.77 

.1383 

.5656 

.2427 

1.6215 

.9863 

1.0015 

.9958 

• 9981 

1. 0014 

2.000 

1.273E4-08 

• 9800 

1.4250 

170.87 

.1280 

*5532 

.2296 

1.6901 

• 9864 

1.0013 

.9957 

.9978 

1.0016 


4T 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





E. TT * 

130 K 

PT * 5 

ATM 

DT » 13. 

773 KGM/M3 

CONTINUED 



MACH 

REY/M 

L 

GAMMA 

M 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

T/TT O/OT 

A/ A* 











'KcLAi IVC 

lU lUCAL VALUCO* 


0.000 

0. 

.9534 

1.4721 

227.04 

1.0000 

1 .0000 

1.0000 

I 

.9769 

1.0000 

1.0000 1.0000 

1 

• 050 

1.736Efr07 

.9534 

1.4721 

226.98 

.9983 

.9995 

.9988 

11.5810 

.9769 

1.0000 

1.0000 1.0000 

.9990 

.100 

3.461Efr07 

.9534 

1.4720 

226.81 

.9931 

.9980 

.9951 

5.8163 

.9769 

1.0001 

1.0000 1.0001 

.9990 

• 150 

5.l66E«-07 

.9535 

1.4718 

226.52 

• 9844 

.9954 

.9889 

3.9068 

.9768 

1.0000 

•9999 1.0000 

• 9991 

• 200 

6.840E«-07 

.9535 

1.4715 

226.11 

.9725 

.9919 

.9803 

2.9610 

.9768 

l.COOO 

.9998 1.0000 

.9991 

.250 

8.475E*07 

.9536 

1.4712 

225.59 

.9575 

.9874 

.9695 

2.4008 

.9767 

1.0000 

.9997 1.0001 

.9992 

• 300 

l.OOBEi'OS 

.9537 

1.4708 

224.96 

.9395 

.9819 

.9565 

2.0335 

.9766 

1.0001 

•9996 1.0001 

.9992 

.350 

1.159EV08 

.9538 

1.4704 

224.23 

.9189 

• 9756 

• 9414 

1.7767 

• 9765 

1.0001 

•9995 1.0001 

.9993 

• 400 

i.aosEt’Oe 

.9540 

1.4699 

223.39 

.8957 

.9683 

.9244 

1.5891 

.9764 

1.0001 

.9993 1.0002 

.9994 

.450 

1 .445 E 4-0 8 

.9541 

1.4693 

222.45 

.0704 

.9603 

• 9057 

1.4478 

• 9763 

1.0002 

.9992 1.0002 

• 9994 

.500 

1.576E»08 

.9543 

1.4687 

221.42 

.6431 

.9514 

.8853 

1.3395 

.9762 

1.0001 

.9990 1.0001 

.9997 

.550 

1.700E«’08 

.9545 

1.4680 

220.29 

• 8143 

.9418 

• 6635 

1.2547 

.9761 

1.0001 

•9988 1.0001 

.9997 

•600 

1.815E4>08 

.9548 

X.4673 

219.09 

.7642 

.9316 

• 8406 

1.1680 

.9760 

1.0U02 

•9986 1.0001 

.9998 

•650 

1.922E*08 

.9550 

1.4665 

217.80 

.7531 

.9207 

• 8166 

1.1355 

.9759 

1.0U03 

.9904 1.0002 

.9999 

• 700 

2.020E4-08 

.9553 

1.4657 

216.43 

.7213 

• 9092 

.791S 

1.0943 

.9758 

1.0J04 

•9982 1.0002 

.9999 

.750 

2.108E«'08 

.9555 

1.4649 

215.00 

.6890 

.8971 

.7663 

1.0624 

.9757 

1.0006 

•9960 1.0003 

1,0000 

• 800 

2.188E»08 

.9558 

1.4641 

213.50 

.6565 

.8846 

.7403 

1.0383 

.9756 

1.0007 

.9978 1.0003 

1.0000 

• 650 

2.259E4-08 

.9562 

1.4632 

211.94 

.6241 

.8717 

.7139 

1.0207 

.9756 

1.0U09 

.9976 1.0004 

1.0000 

.900 

2.321E4'08 

.9565 

1.4623 

210.33 

.5920 

.6584 

.6874 

1.0089 

.9755 

1.0011 

.9974 1.0004 

1.0000 

.950 

2.375Efr08 

.9569 

1.4614 

208.66 

.5602 

.8448 

• 6608 

1.0022 

.9755 

1.0013 

.9972 1.0005 

1.0001 

l.OOO 

2.420E4-08 

.9572 

1.4605 

206.95 

.5291 

.8309 

.6343 

1.0001 

.9754 

1.0315 

.9970 1.0005 

1.0001 

1.050 

2.457E4'08 

.9576 

1.4595 

205.20 

.4988 

.8167 

• 6080 

1.0021 

.9754 

1.0017 

.9968 1.0005 

1.0001 

1.100 

2.487Efr08 

• 9580 

1.4586 

203.42 

.4693 

.8024 

.5820 

1.0080 

.9754 

1.0319 

.9966 1.0005 

1.0001 

1.150 

2.509E4-08 

.9584 

1.4577 

201.60 

• 4408 

• 7880 

.5565 

1.0175 

.9754 

1.0022 

.9964 1.0005 

1.0001 

1.200 

2.525E«'08 

.9588 

1.4567 

199.76 

.4134 

.7735 

.5314 

1.0305 

.9754 

1.0024 

•9962 1.0005 

1.0001 

1.250 

2.533E4-08 

.9593 

1.4558 

197.89 

.3871 

.7589 

.5070 

1.0468 

.9755 

1.0026 

•9960 1.0004 

1.0001 

1.300 

2.536E4-08 

.9597 

1.4549 

196.01 

.3619 

.7443 

.4831 

1.0664 

.9755 

1.0027 

.9958 1.0004 

1.0001 

1.350 

2.53364-08 

• 9601 

1.4540 

194.11 

• 3380 

.7297 

.4599 

1.0892 

.9756 

1.0329 

•9956 1.0003 

1.0002 

1.400 

2.524E*08 

• 9606 

1.4531 

192.19 

.3152 

.7151 

.4375 

1.1151 

.9756 

1.0030 

•9954 1.0001 

1.0002 

1.450 

2. 51164^08 

.9610 

1.4522 

190.27 

.2937 

.7006 

.4158 

1.1442 

.9757 

1.0332 

.9952 1.0000 

1.0003 

1.500 

2.493E4-08 

.9615 

1.4514 

188.34 

.2733 

•6862 

.3949 

1.1766 

.9758 

1.0032 

.9950 .9998 

1.0004 

1.550 

2.47164^08 

.9619 

1.4506 

186.40 

.2541 

.6719 

.3748 

1.2121 

.9759 

1.0033 

.9948 .9996 

1.0005 

1.600 

2.445E4^08 

.9624 

1.4497 

184.47 

• 2361 

•6578 

.3555 

1.2510 

.9760 

1.0033 

.9946 .9994 

1.0006 

1.650 

2.41564^08 

.9628 

1.4490 

182.54 

.2191 

•6438 

.3370 

1.2932 

.9761 

1.0033 

.9944 .9991 

1.0008 

1.700 

2.382E4'08 

.9633 

1.4482 

180.61 

.2033 

• 6300 

.3193 

1.3389 

• 9762 

1.0033 

.9942 .9988 

1.0010 

1.750 

2.346E4-08 

.9637 

1.4475 

178.69 

.1685 

•6164 

• 3024 

1.3881 

.9763 

1.0032 

.9940 .9985 

1.0012 

1.800 

2.30864^08 

.9642 

1.4468 

176.77 

.1746 

.6030 

.2863 

1.4410 

• 9764 

1.0331 

.9938 .9981 

1.0015 

1.650 

2.267E4>08 

.9646 

1.4461 

174.87 

.1617 

.5898 

.2709 

1.4977 

.9765 

1.0030 

.9936 .9977 

1.0017 

1.900 

2. 2246*06 

.9650 

1.4454 

172.97 

.1497 

.5769 

• 2563 

1.5583 

.9766 

1.0028 

.9933 .9973 

1.0020 



TABLE I. REAL-CAS ISENTROPIC EXPANSIONS OF NITROGEN 





E. TT = 

130 K 

PT * 8 

atm 

DT = 22. 

741 KGM/M3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 

M/SEC 

P/PT 

T/TT 

D/OT 

A/A* 

W 

P/PT 

•RELA7IVE 

T/TT 
TO IDEAL 

D/DT 

GAS VALUES 

A/A* 

0*000 

0 . 

.9239 

1.5259 

223.69 

1.0000 

1 .0000 

I. 0000 

I 

.9625 

l.CCOO 

l.QOOO 

1.0000 

I 

.050 

2.767E*-07 

.9239 

1.5258 

223.63 

. 9983 

.9995 

.9980 

11.5685 

.9624 

1.0000 

1.0000 

1.0000 

.9980 

.100 

5.518E*07 

.9239 

1.5256 

223.45 

.9932 

.9979 

.9952 

5.8099 

.96 24 

l.OOOl 

.9999 

1.0002 

.9979 

.150 

8.236Efr07 

.9240 

1.5253 

223.15 

. 9844 

.9954 

.9889 

3.9031 

.96 23 

1.0000 

• 9998 

l.OQOI 

.9981 

• 200 

1.091E»08 

.9241 

1.5249 

222.74 

.9725 

.9918 

.9804 

2.9582 

.96 22 

1.0000 

.9997 

1.0001 

.9982 

• 250 

1.351E»08 

.9242 

1.5244 

222.21 

.9575 

.9872 

.9696 

2.3986 

.9621 

l.JoOl 

.9996 

1.0002 

.9983 

• 300 

1.604E«08 

.9243 

1.5237 

221.58 

.9394 

.9817 

.9564 

2.0321 

.9619 

.9999 

.9994 

1.0001 

.9985 

.350 

1.848E^08 

.9245 

1.5230 

220.83 

.9187 

.9753 

.9414 

1.7757 

.9617 

.9999 

.9992 

1.0001 

.9987 

.400 

2.082Ef08 

• 9247 

1.5221 

219.99 

.8956 

• 9680 

.9244 

1.5885 

.9616 

1.0000 

.9969 

1.0001 

.9989 

.450 

2.305E4'08 

.9249 

1.5212 

219.04 

.8703 

.9598 

.9057 

l.*472 

.9614 

l.QOOO 

.9967 

1.0002 

.9990 

.500 

2.5l6Ef08 

.9252 

1.5201 

216.00 

.6431 

.9509 

• 8854 

1.3387 

.9612 

l.OUOl 

.9984 

1.0002 

.9992 

.550 

2.714E*-08 

.9255 

1.5190 

216.87 

.8143 

.9412 

.8637 

1.2541 

.9609 

1.0002 

.9901 

1 . 0003 

.9993 

.600 

2.899E«-08 

.9258 

1.5170 

215.66 

.7843 

.9308 

• 8408 

1.1875 

.9607 

1.0003 

.9978 

1.0004 

.9994 

• 650 

3.070E«-0B 

.9262 

1.5165 

214.37 

.7532 

.9198 

.8169 

1.1351 

.9605 

1.0005 

.9975 

1.0005 

.9995 

.700 

3.228E#'08 

.9265 

1.5151 

213.00 

.7214 

.9082 

.7921 

1.0940 

.9603 

1.0J07 

.9972 

1.0006 

.9996 

.750 

3.371 E+08 

.9270 

1.5137 

211.57 

.6892 

• 6961 

.7666 

1.0621 

.9602 

1.0010 

.9969 

1.0007 

.9997 

• 800 

3.500E«'08 

.9274 

1.5123 

210.03 

.6560 

.8835 

.7406 

1.0380 

.9600 

1.0012 

.9966 

1.0008 

.9998 

.850 

3.614E*08 

.9279 

1.5100 

203.53 

.6245 

.8705 

.7143 

1.0205 

• 9599 

1.0015 

.9963 

1.0009 

.9998 

• 900 

3.715E*^08 

.9284 

1.5092 

206.93 

.5923 

.8571 

.6876 

1.0089 

.9598 

1.0017 

.9960 

1.0009 

1.0000 

.950 

3.802E^08 

.9289 

1.5077 

205.28 

.5606 

.8434 

• 6611 

1.0022 

.9597 

1.0020 

.9956 

1.0009 

1.0000 

1.000 

3.876E*^08 

.9295 

1.5061 

203.59 

.5296 

.8295 

.6346 

1.0000 

.9596 

1.0024 

.9953 

1.0010 

1.0000 

1.050 

3.938E«-08 

.9301 

1.5045 

201.86 

.4993 

.8153 

.6083 

1.0021 

.9595 

1.0028 

.9950 

1.0011 

1.0000 

1.100 

3.987E»08 

.9307 

1.5029 

200.10 

.4699 

• 8009 

.5824 

1.0079 

.95 95 

1.0032 

.9947 

1.0011 

1.0000 

1.150 

4.025Efr08 

.9313 

1.5012 

198.31 

.4414 

.7864 

.5568 

1.0175 

.9595 

1.0035 

.9944 

I.OOII 

1.0000 

1.200 

4.0516f08 

.9320 

1.4996 

196.50 

.4140 

.7718 

.5317 

1.0305 

.9595 

1.0039 

.9941 

1.0011 

1.0000 

1.250 

4.067E4-08 

.9326 

1.4980 

194.66 

.3877 

.7572 

.5072 

1.0468 

.9595 

1.0042 

.9938 

1.0010 

1.0000 

1.300 

4.073E+08 

.9333 

1.4965 

192.81 

• 3626 

.7425 

.4834 

1.0664 

.9596 

1.0046 

.9935 

1.0009 

1.0001 

1.350 

4.070E«^08 

.9340 

1.4949 

190.94 

.3306 

.7279 

.4602 

1.0892 

.9597 

1.0049 

.9932 

1.0008 

1.0001 

1.400 

4.058E*08 

.9347 

1.4933 

189.06 

.3159 

.7133 

.4377 

1.1152 

.9598 

1.0051 

• 9928 

1.0006 

1.0002 

1.450 

4.038E«'08 

.9354 

1.4918 

187.18 

.2943 

.6987 

.4160 

1.1443 

.9599 

1.0053 

.9925 

1.0004 

1.0004 

1.500 

4.011E»06 

.9361 

1.4903 

185.29 

.2739 

.6843 

.3950 

1.1767 

• 9600 

1.0055 

.9922 

1.0001 

1.0005 

1.550 

3.977Efr08 

.9369 

1.4809 

183.40 

.2547 

.6700 

.3749 

1.2124 

.9601 

1.0056 

.9919 

.9998 

1.0007 

1.600 

3.936E#-0e 

.9376 

1.4875 

181.51 

.2366 

.6558 

.3555 

1.2513 

.96^3 

1.0057 

.9916 

.9994 

1.0009 

1.650 

3.889E4'08 

• 9383 

1.4861 

179.62 

• 2197 

.6418 

.3370 

1.2937 

.9604 

1.0057 

.9913 

.9990 

1.0012 



TABLE !• real-gas ISENTROPIC EXPANSIONS OF NITROGEN 




E. 

TT = 

130 K 

PT = 10 

ATM 

OT = 29. 

068 KGM/M3 

CONTINUED 




MACH 

REY/M 

L 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A /A* 

0*000 

0. 

.9034 

1.5676 

221.39 

1.0000 

1.0000 

1.0000 

I 

.9526 

1.0000 

1.0000 

1.0000 

I 

.050 

3.454E«*07 

.9035 

1.5676 

221.33 

.9983 

.9995 

.9988 

ll.‘559L 

.9526 

1.0000 

l.OOOO 

1.0001 

.9972 

.100 

6*887E^07 

.9035 

1.5673 

221.15 

.9930 

.9979 

.9951 

5.8061 

.9525 

l.OJOO 

.9999 

1.0000 

.9973 

.150 

l.O28E*'O0 

.9036 

1.5669 

220.85 

.9844 

.9953 

.9889 

3.9000 

.95 24 

1.0000 

.9998 

1.0001 

.9973 

.200 

i.abiEi-oe 

.9037 

1.5664 

220.43 

• 9726 

.9917 

.9804 

2.9559 

.9522 

l.OUOl 

,9997 

1.0002 

.9974 

.250 

i.687E«-08 

.9038 

1.5657 

219.90 

.9574 

.9871 

.9695 

2.3973 

.9521 

.9999 

.9995 

1.0001 

.9977 

.300 

2.003E4-08 

.9040 

1.5649 

219.25 

.9394 

.9816 

.9565 

2.0308 

.9518 

• S999 

.9992 

1.0001 

.9979 

.350 

2.308Efr08 

.9041 

1.5639 

218.50 

.9187 

.9751 

.9414 

1.7747 

.9516 

.9999 

.9990 

1.0001 

.9981 

.400 

2.600E*-08 

.9044 

1.5628 

217.64 

.8955 

.9677 

.9245 

1.5875 

.9513 

.9999 

.9987 

1.0002 

.9984 

.450 

2.879EV08 

.9046 

1.3616 

216.69 

.8702 

.9595 

.9058 

1.4466 

.9510 

1.0000 

.9984 

1.0003 

.9986 

.500 

3.143E^08 

.9049 

1.5602 

215.64 

.8431 

.9505 

.8855 

1.3382 

.9507 

1.0000 

.9980 

1.0004 

.9988 

.550 

3.391E<-08 

.9052 

1.5587 

214.50 

• 814 3 

.9408 

.8639 

1.2537 

.9505 

1.0002 

.9977 

1.0005 

.9990 

.600 

3.622E*'08 

.9056 

1.5571 

213.28 

.7841 

.9303 

.8408 

1.1874 

.9502 

1.0002 

.9973 

1.0005 

.9993 

.650 

3. 8366 *-08 

.9060 

1.5555 

211.99 

• 7531 

.9193 

• 6169 

1.1351 

.9499 

1.0004 

.9970 

1.0006 

.9995 

.700 

4.033E«-08 

.9065 

1.5537 

210.62 

.7214 

.9076 

.7921 

1.0940 

.9496 

1.0006 

• 9966 

1.0007 

.9997 

.750 

4.213E*08 

.9070 

1.5519 

209.19 

.6892 

.8955 

• 7667 

1.0622 

.9494 

1.0009 

.9962 

1.0009 

.9998 

.800 

4.375E«'08 

.9075 

1.5500 

207.70 

.6569 

.6826 

.7407 

1.0381 

.9491 

1.0013 

.9958 

l.OOlO 

.9999 

.850 

4.520E4-08 

.9081 

1.5480 

206.15 

.6245 

.8697 

.7144 

1.0206 

.9489 

1.0017 

.9954 

1.0012 

.9999 

.900 

4.646E«'08 

.9007 

1.5460 

204.55 

.5925 

.8563 

.6879 

1.0089 

.9487 

1.0020 

.9950 

1.0012 

1.0000 

.950 

4.757Efr08 

.9093 

1.5440 

202.91 

.5609 

.8426 

.6614 

1.0022 

.9486 

1.0025 

.9947 

1.0014 

1.0001 

1.000 

4.851E*'08 

.9100 

1.5419 

201.23 

.5299 

• 8286 

.6349 

1.0001 

.9485 

1.0030 

.9943 

1.0015 

l.OOOl 

1.050 

4.930E«'08 

.9107 

1.5398 

199.52 

.4997 

.8144 

.6087 

1.0021 

.9484 

1.0035 

.9939 

1.0016 

1.0001 

1.100 

4. 9936*08 

.9114 

1.5376 

197.77 

.4703 

• 8000 

.5827 

1.0080 

.9483 

1.0040 

.9935 

1.0017 

1.0001 

1.150 

5.0426*08 

.9122 

1.5355 

196.00 

.4419 

.7854 

.5572 

1.0175 

.9483 

1.0045 

.9932 

1.0017 

1.0001 

1.200 

5.0766*08 

.9130 

1.5334 

194.20 

.4145 

.7708 

• 5321 

1.0305 

.9483 

1.0050 

.9928 

1.0017 

1.0001 

1.250 

5.0936*08 

.9138 

1.5312 

192.39 

• 3882 

.7561 

.5076 

1.0466 

.9483 

1.0054 

.9924 

1.0016 

1.0001 

1.300 

5.1076*08 

.9146 

1.5291 

190.56 

.3631 

.7415 

.4837 

1.0664 

• 9484 

1.0059 

.9920 

1.0015 

1.0001 

1.350 

5.1046*08 

.9155 

1.5271 

188.71 

.3391 

.7268 

• 4605 

1.0692 

.9485 

1.0063 

•9916 

1.0014 

1.0002 

1.400 

5.0916*08 

.9164 

1.5250 

186.86 

• 3164 

.7121 

.4380 

1.1152 

.9486 

1.0066 

.9913 

1.0012 

1.0003 

1.450 

5.0676*08 

.9173 

1.5230 

185.00 

• 2948 

.6976 

.4162 

1.1444 

.9487 

1.0069 

.9909 

1.0009 

1.0004 

1.500 

5.0346*08 

.9181 

1.5210 

183.14 

.2744 

•6631 

.3952 

1.1768 

.9489 

1.0072 

.9905 

1.0005 

1.0006 

1.550 

4.9936*08 

•9190 

1.5191 

181.28 

• 2552 

• 6688 

• 3751 

1.2125 

.9490 

1.0073 

.9901 

l.OOOl 

1.0008 



TABLE U REAL-GAS ISENTROPIC EXPANSIONS OP NITROGEN 





m 

• 

•H 

N 

130 K 

PT » 15 

ATM 

OT * 46. 

388 KGM/H3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 

W 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

.O C 1 A T 1 li C 

T/TT 

rn rnCAi 

0/DT 

riAC UAIIICC. 

A/A* 





nf ocL 






‘KCLA live 

lU lUcAL 

VAUUCd 


0*000 

0* 

• 8492 

1,7010 

215.43 

1.0000 

1.0000 

1.0000 

I 

• 9269 

1.0000 

1.0000 

1.0000 

1 

.050 

5.179E^07 

• 8492 

1.7009 

215.36 

• 996 3 

.9995 

.9988 

11.5233 

.9269 

1.0001 

1.0000 

1.0001 

.9941 

• 100 

l.O33E^08 

• 8492 

1.7006 

215,17 

.9930 

.9979 

.9951 

5.7886 

.9267 

1,0000 

.9999 

1.0001 

.9943 

• 150 

1*542E»08 

• 8493 

1.7000 

214.85 

.9844 

.9952 

.9890 

3.8885 

.9265 

1.0000 

.9997 

1.0002 

• 9944 

• 200 

2*042Ei>08 

• 8494 

1.6991 

214.41 

.9723 

.9915 

.9804 

2.9481 

.9262 

.9998 

.9995 

1,0001 

,9946 

• 250 

2.530E»08 

• 8495 

1,6980 

213,84 

.9572 

.9869 

.9696 

2.3910 

.9258 

.9997 

.9992 

1.0002 

.9951 

•300 

3.004E«^08 

.8496 

1.6967 

213.17 

.9390 

.9812 

.9565 

2.0262 

.9254 

.9995 

• 9988 

1,0001 

.9956 

•350 

3*462E«'0e 

.8498 

1.6952 

212.38 

.9182 

.9746 

.9415 

1.7710 

• 9249 

.9994 

.9985 

1.0002 

• 9961 

•400 

3.901E«^08 

.8501 

1.6934 

211.48 

.8950 

.9671 

.9246 

1.5847 

.9244 

.9994 

.9980 

1,0003 

.9966 

•450 

4«320E«^08 

• 8503 

1.6915 

210,48 

• 8697 

• 9588 

.9059 

1.4444 

• 9238 

• 9993 

.9976 

1.0004 

.9971 

.500 

4.717E»08 

.8506 

1.6893 

209.40 

.8425 

.9496 

.8857 

1.3365 

.9232 

.9994 

.9971 

1.0006 

.9975 

•550 

5*090E«'08 

• 8510 

1.6869 

208.22 

.8138 

.9398 

.8641 

1.2524 

• 9226 

.9995 

• 9966 

1,0008 

• 9980 

• 600 

5.439E«'08 

• 8514 

1.6844 

206.97 

.7838 

.9292 

.8413 

1.1863 

• 9220 

.9997 

.9961 

1.0010 

• 9984 

•650 

5,763E**08 

.8519 

1.6816 

205.64 

.7527 

.9180 

.8174 

1.1344 

.9214 

.9999 

.9956 

1,0012 

• 9989 

• 700 

6*061E«^08 

• 8524 

1,6787 

204,25 

• 7211 

.9062 

.7927 

1.0935 

.9209 

1.0003 

.9950 

1.0014 

.9992 

•750 

6.334E»08 

• 8530 

1.6757 

202.80 

.6891 

.8940 

.7674 

1.0619 

.9204 

1.0007 

.9945 

1.0018 

.9995 

• 800 

6*581E«^08 

• 8536 

1,6725 

201,29 

• 6569 

• 8812 

.7415 

1,0379 

.9199 

1.0013 

• 9940 

1.0021 

.9997 

• 650 

6.602Ef08 

• 8544 

1.6692 

199.74 

.6247 

• 8680 

.7153 

1.0205 

.9194 

1.0019 

.9935 

1.0024 

• 9998 

•900 

6.998E«'08 

• 8551 

1.6658 

198.14 

.5923 

• 8545 

• 6889 

1.0088 

• 9190 

1.0027 

.9930 

1,0028 

• 9999 

• 950 

7.169E«*08 

.8560 

1.6623 

196.51 

.5614 

.8407 

• 6625 

1.0021 

.9186 

1.0035 

.9925 

1.0031 

1.0000 

1*000 

7.316E4-08 

• 8569 

1.6588 

194.84 

.5306 

• 8266 

.6361 

1 .0000 

• 9184 

1.0043 

• 9919 

1,0034 

1,0000 

1*050 

7.439£f08 

.8578 

1.6551 

193.15 

• 5005 

.8123 

.6099 

1.0020 

.9181 

1.0052 

.9914 

1.0037 

1.0000 

1.100 

7.540E«>08 

• 8588 

1.6515 

191.43 

.4712 

.7979 

.5840 

1.0079 

.9179 

1.0061 

.9909 

1.0039 

• 9999 

1*150 

7*618E«>06 

• 8599 

1.6477 

189.69 

• 4429 

.7833 

.5585 

1.0174 

.9178 

1.0070 

.9904 

1.0041 

.9999 

1.200 

7.676E«‘0e 

• 8610 

1.6440 

187.94 

.4156 

.7686 

.5334 

1.0303 

.9177 

1.0079 

.9899 

1,0042 

.9999 

1*250 

7.715E»08 

• 8621 

1,6403 

186,17 

• 3895 

.7539 

.5089 

1.0466 

.9177 

1.0088 

.9894 

1.0043 

.9998 

1*300 

7.734E^08 

• 8633 

1.6365 

184.39 

• 3644 

.7391 

.4849 

1.0662 

.9177 

1.0096 

• 9889 

1,0042 

.9999 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





m 

• 

II 

130 K 

PT « 20 

ATM 

OT * 66. 

569 KGH/M3 

CCNCLUOEO 




MACH 

R6Y/M 

1 

GAMMA 

W 

P/PT 

T/TT 

O/OT 

A/A4 

W 

P/PT 

T/TT 

O/OT 

A/A* 





M/S EC 





RELATIVE 

TO IDEAL 

GAS VALUES 


0.000 

0. 

.7890 

1.9011 

209.07 

1.0000 

1.0000 

1.0000 

I 

.8995 

1.0000 

1.0000 

l.OOOO 

1 

• 050 

6,941E*07 

.7890 

1.9010 

209. 00 

. 9983 

• 9995 

• 9989 

11.4649 

.8995 

1.0001 

1.0000 

1.0001 

• 9891 

• 100 

1.384Ef08 

.7890 

1.9006 

208.79 

.9930 

.9978 

.9952 

5.7595 

.8992 

l.OOOO 

.9998 

1.0002 

.9893 

• 150 

2.066E^08 

.7890 

1.8999 

208.44 

.9842 

.9951 

.9890 

3.8703 

• 8988 

.9997 

.9996 

1.0001 

• 9897 

• 200 

2.736E«-08 

• 7890 

1.8989 

207.95 

.9719 

.9914 

.9804 

2.9349 

.8983 

.9994 

.9993 

1.0001 

.9904 

• 250 

3.391E«-08 

.7891 

1.0976 

207.34 

.9567 

• 9866 

.9696 

2.3811 

.8977 

.9992 

• 9989 

1.0002 

.9910 

• 300 

4.026E+08 

.7891 

1.8960 

206.60 

• 9364 

• 9806 

.9567 

2.0183 

.8969 

.9989 

.9985 

1 .0003 

.9917 

.350 

4.639E«-08 

.7892 

1.8940 

205.74 

.9174 

.9741 

.9416 

1.7650 

.8960 

.9985 

• 9980 

1.0003 

• 9927 

• 400 

5.228E4-08 

.7893 

1.8918 

204.77 

• 8941 

.9665 

.9247 

1.5799 

.8951 

.9983 

.9974 

1.0005 

• 9936 

• 450 

5,789E*-08 

.7894 

1.8893 

203.70 

.6686 

.9581 

.9062 

1.4407 

.8940 

.9961 

• 9969 

1.0007 

• 9945 

• 500 

6.322E«-08 

.7896 

1.8865 

202.54 

.8414 

• 9488 

• 8861 

1.3336 

.8930 

.9961 

.9963 

1.0010 

.9954 

• 550 

6.823E*'08 

,7a<)9 

1.8834 

201.30 

.81 26 

.9386 

• 8646 

1.2502 

.8919 

.9981 

• 9956 

1.00X4 

• 9962 

• 600 

7. 2936^08 

.7902 

1.8801 

199.97 

• 7827 

.9282 

.8419 

1.1846 

• 8909 

.9983 

.9950 

1.0018 

.9970 

• 650 

7.729E«-08 

.7906 

1.8764 

198.58 

.7518 

.9169 

.8183 

1.1330 

.8898 

.9986 

.9944 

1.0023 

.9977 

•700 

8.131E«-08 

.7911 

1.8723 

197.13 

.7202 

.9050 

.7937 

1.0927 

.8888 

.9990 

.9937 

1.0027 

• 9984 

• 750 

8*499E^08 

.7916 

1.8661 

195.62 

• 6863 

.6927 

.7685 

1.0613 

.8878 

.9997 

.9931 

1.0032 

• 9990 

• 800 

8.834E«-08 

.7923 

1.8636 

194.07 

.6563 

.8799 

.7429 

1.0376 

.8869 

1.0005 

.9925 

1.0039 

.9994 

• 650 

9.135E^08 

.7930 

1.8588 

192.48 

• 6244 

• 8667 

.7169 

1.0203 

.8860 

1.0014 

.9919 

1.0045 

.9997 

• 900 

9.403E«‘08 

.7938 

1.8539 

190.86 

.5928 

• 6531 

.6906 

1.0087 

.8852 

1.0026 

.9913 

1.0052 

.9999 

• 950 

9.638E*08 

.7947 

1.8487 

189.21 

• 5616 

• 8393 

.6643 

1.0021 

.8845 

1.0038 

.9908 

1.0059 

1.0000 

1*000 

9«841E«’08 

.7957 

1.8433 

187.54 

.5310 

.8252 

• 6381 

1.0000 

.8839 

1.0051 

• 9902 

1.0066 

1.0000 

1.050 

1.001E*09 

.7967 

1.8377 

165.85 

• 5011 

• 8109 

• 6120 

1.0020 

.8834 

1.0066 

.9897 

1.0072 

1*0000 

1 .100 

1.015EV09 

.7979 

1.8320 

184.14 

.4721 

.7964 

• 5862 

1.0078 

.8830 

1.0080 

• 9891 

1.0078 

.9999 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





F. 

TT * 140 

K FT 

« 1 ATM 

DT 

> 2.456 

K6M/M3 





MACH 

REY/M 

z 

GAMMA 

W 

P./PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

T/TT 

O/OT 

r A C iiAl lie c. 

A/A* 





n/ 3 cl# 






"KClftA 1 1 Vw 

lU lUCAL 

VALUCa 


0.000 

0* 

.9927 

1.4108 

240.36 

1.0000 

1 .0000 

1.0000 

I 

• 9966 

l.OOOO 

1.0000 

1.0000 

1 

•050 

3.143E«>06 

.9927 

1.4108 

240. 30 

.9983 

,9995 

• 9988 

11.5893 

.9966 

1.0000 

1.0000 

1.0000 

• 9998 

• 100 


.9927 

1.4108 

260.12 

.9930 

•9980 

.9950 

5.8207 

.9966 

1.0000 

1.0000 

1.0000 

.9998 

.150 

9.3526^06 

.9928 

1.4108 

239.82 

.9844 

• 9955 

• 9889 

3.9096 

.9966 

1.0000 

l.OOOO 

l.OOOO 

.9998 

•200 

l,238E«-07 

• 9928 

1.4108 

239.40 

.9725 

.9920 

• 9803 

2.9629 

• 9966 

1.0000 

l.OOOO 

1.0001 

.9998 

• 250 

l.5346«'07 

.9928 

1.4107 

236.66 

.9575 

•9876 

.9695 

2.4022 

• 9965 

1.0001 

.9999 

1.0001 

• 9998 

• 300 

l,820e*07 

.9928 

1.4106 

238.21 

.9395 

.9822 

• 9565 

2.0346 

.9965 

l.OOOl 

.9999 

1.0001 

.9998 

• 350 

2.096£*07 

.9928 

1.4106 

237.45 

.9189 

.9760 

.9414 

1.7775 

.9965 

1.0001 

.9999 

l.OOOl 

.9997 

•400 

2.360E»07 

.9928 

1.4105 

236.58 

.8957 

.9689 

• 9244 

1.5897 

.9965 

1.0001 

.9999 

1.0002 

• 9997 

.450 

2.610E^07 

.9929 

1.4104 

235.61 

.8703 

.9609 

.9055 

1.4486 

.9965 

1.0000 

.9998 

1.0000 

.9999 

• 500 

2.8476^07 

.9929 

1.4103 

234.54 

.6430 

• 9522 

.8852 

1.3398 

.9964 

l.OOOO 

.9998 

1.0000 

.9999 

• 550 

3.069E«-07 

.9929 

1.4102 

233.37 

.8142 

.9427 

• 8634 

1.2549 

.9964 

l.COOO 

.9998 

1.0000 

.9999 

• 600 

3.27561*07 

.9930 

1.4101 

232.11 

.7840 

•9326 

.8405 

1.18B2 

• 9964 

1.0000 

.9997 

l.OOOO 

1.0000 

• 650 

3.*65E»07 

.9930 

1.4100 

230.76 

.7528 

.9218 

.8165 

1.1356 

.9964 

1.0000 

.9997 

1.0000 

l.OOOO 

.700 

3.638E«*07 

.9931 

1.4098 

229.33 

.7209 

.9104 

.7916 

1.0944 

.9964 

1.0000 

.9996 

1.0000 

l.OOOO 

.750 

3.7966*07 

.9931 

1,4097 

227.83 

• 6886 

• 8985 

.7661 

1.0624 

• 9963 

1.0000 

.9996 

1.0001 

1.0000 

• 800 

3.936E^07 

.9931 

1.4096 

226.25 

•6561 

• 8861 

.7401 

1.0382 

.9963 

1.0000 

.9996 

1.0001 

1.0000 

.850 

4.0616*07 

.9932 

1.4094 

224.61 

.6236 

.8733 

.7137 

1.0207 

.9963 

1.0001 

• 9995 

1.0001 

1.0000 

.900 

A.l69E«-07 

.9933 

1.4093 

222.91 

.5913 

.8601 

.6871 

1.0089 

.9963 

1.0001 

.9995 

l.OOOl 

l.OOOO 

.950 

A.262E*07 

.9933 

1.4091 

221.16 

.5595 

• 8466 

• 6605 

1.0022 

.9963 

l.OOOl 

.9994 

1.0001 

1.0000 

1.000 

4.3«0E»07 

.9934 

1.4090 

219.35 

.5284 

.8328 

.6340 

1.0000 

.9963 

1.0002 

.9994 

1.0001 

1.0000 

1.050 

A.40AE*-07 

.9934 

1.4088 

217.50 

.4980 

• 8188 

.6077 

1.0020 

.9962 

1.0002 

.9994 

L.OOOl 

1.0000 

l.lOO 

«,A53E*07 

.9935 

1.4087 

215.60 

• 4685 

• 8046 

• 5818 

1.0079 

.9962 

1.0002 

.9993 

1.0001 

l.OOOO 

1.150 

A.490Ef07 

.9936 

1.4085 

213.68 

• 4400 

.7903 

.5563 

1.0175 

.9962 

1.C003 

.9993 

l.OOOl 

l.OOOO 

1.200 

4.514E»07 

.9936 

1.4084 

211.72 

• 4125 

.7758 

• 5312 

1.0304 

.9962 

1.0003 

.9992 

1.0001 

1.0000 

1.250 

4.527E»07 

.9937 

1.4083 

209.73 

• 3862 

.7613 

.5068 

1.0468 

.9962 

1.0003 

.9992 

1.0002 

1.0000 

1.300 

4.528E«-07 

.9938 

1.4081 

207.72 

• 3611 

.7468 

• 4830 

1.0663 

.9962 

1.0003 

• 9992 

1.0002 

l.OOOO 

1.350 

4.520E«-07 

.9938 

1.4080 

205.70 

.3371 

.7322 

.4599 

1.0890 

.9962 

1.0004 

.9991 

1.0001 

l.OOOO 

1.400 

4.502E*07 

.9939 

1.4078 

203.66 

.3144 

.7177 

.4375 

1.1149 

.9962 

1.0004 

.9991 

1.0001 

1. 0000 

1.450 

4.476E«-07 

.9940 

1.4077 

201.60 

.2929 

.7033 

.415^9 

1.1440 

.9962 

1.0004 

.9990 

1.0001 

1.0000 

1.500 

4.442E*07 

.9941 

1.4075 

199.54 

.2725 

.6890 

.3950 

1.1762 

• 9962 

1.0005 

.9990 

1.0001 

1.0000 

1.550 

4.401 E»07 

.9941 

1.4074 

197.48 

• 2534 

.6748 

.3750 

1.2116 

.9963 

1.0005 

• 9990 

1.0001 

1.0000 

1.600 

4.354E»07 

.9942 

1.4073 

195.41 

.2354 

• 6607 

.3558 

X.2503 

.9963 

1.0005 

• 9989 

1.0001 

l.OOOl 

1.650 

4.300EK)7 

•9943 

1.4072 

193.35 

• 2185 

• 6468 

.3373 

1.2923 

.9963 

1.0005 

• 9989 

1.0000 

1.0001 

1.700 

4.242E»07 

.9944 

1.4070 

191.29 

.2027 

.6330 

.3197 

1.3377 

.9963 

1.0005 

.9989 

l.OOOO 

l.OOOl 

1.750 

4.178E*07 

• 9944 

1.4069 

189.23 

.1879 

.6194 

.3029 

1.3866 

.9963 

1.0005 

• 9986 

1.0000 

1.0001 

1.800 

4.1llE»07 

.9945 

1.4068 

187.19 

.1741 

•6061 

• 2868 

1.4392 

.9963 

1.0005 

• 9988 

.9999 

1.0002 

1.850 

4.040E407 

.9946 

1.4067 

185.15 

• 1613 

.5929 

.2715 

1.4954 

• 9963 

1.0005 

• 9988 

.9999 

1.0002 

1.900 

3.965E»07 

• 9946 

1.4066 

183.13 

• 1493 

.5800 

.2570 

1.5556 

• 9963 

1.0005 

.9987 

.9998 

1.0002 

1.950 

3.888E»07 

.9947 

1.4065 

181.11 

• 1362 

.5673 

.2431 

1.6197 

.9964 

1.0004 

.9987 

.9998 

1.0003 

2.000 

3.808E»07 

.9948 

1.4064 

179.12 

.1279 

.5548 

.2300 

1.6880 

• 9964 

1.0004 

.9987 

.9997 

1.0003 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS Of NITROGEN 




F 

. TT * 

140 K 

PT a 3 

ATM 

OT = 7. 

480 KGM/M3 

CONT INUEO 




MACH 

REY/M 

1 

GAHHA 

M 

P/PT 

T/TT 

0/DT 

A/ A* 

M 

P/PT 

T/TT 

O/OT 






M/SEC 





— 

RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9781 

1.A337 

238.68 

1.0000 

1.0000 

1.0000 

I 

• 9896 

1.0000 

1.0000 

1.0000 

1 

• 050 

9.391E»06 

.9781 

1.4336 

238.62 

.9983 

.9995 

.9988 

11.5859 

.9896 

1.0000 

1.0000 

1,0000 

,9995 

• 100 

1.873E«^07 

.9781 

1.4336 

238.44 

.9931 

.9980 

.9951 

5.8189 

.9896 

1.0000 

1.0000 

1.0001 

.9995 

• 150 

2.7956 *07 

.9781 

1.4335 

238.14 

.9845 

.9955 

.9890 

3.9082 

.9896 

1.0001 

.9999 

1.0001 

.9994 

.200 

3.700E<-07 

.9781 

1.4334 

237.71 

.9725 

.9920 

.9803 

2.9623 

.9895 

1.0000 

.9999 

1.0000 

.9996 

• 250 

4.583E«'07 

.9782 

1.4332 

237,18 

.9574 

.9875 

.9694 

2.4018 

.9895 

1.0000 

.9998 

1 .0000 

.9996 

• 300 

5.440E«'07 

.9782 

1.4330 

236.52 

.9394 

.9821 

.9564 

2.0344 

.9894 

1.0000 

.9998 

1.0000 

.9997 

.350 

6.265Efr07 

.9783 

1.4328 

235.76 

.9187 

,9758 

.9413 

1.7774 

.9894 

1.0000 

.9997 

1.0000 

,9997 

.400 

7.055E«-07 

.9783 

1.4326 

234.88 

.8956 

.9636 

.9243 

1.5097 

.9893 

1.0000 

.9996 

1.0001 

.9997 

.450 

7.806E«'07 

.9784 

1.4323 

233.91 

• 8702 

.9606 

.9056 

1.4484 

.9893 

1.0000 

.9995 

1.0001 

.9998 

• 500 

8.515E*'07 

.9785 

1.4320 

232.83 

.8430 

.9518 

.8853 

1.3396 

.9892 

l.OOOO 

.9994 

1.0001 

.9998 

.550 

9.180E*07 

.9786 

1.4317 

231.66 

.6142 

.9423 

.8636 

1.2548 

.9891 

1.0000 

.9993 

1,3002 

.9999 

• 600 

9.799E«-07 

.9787 

1.4313 

230.39 

.7840 

.9321 

.8406 

1.1881 

.9890 

1.0000 

.9992 

1.0002 

.9999 

.650 

1.037E<-08 

.9788 

1.4309 

229.05 

.7529 

.9213 

.8166 

1.1355 

.9890 

1.0001 

.9991 

1.0002 

.9999 

• 700 

1.089Ef08 

.9789 

1.4306 

227.62 

.7210 

.9098 

.7918 

1.0943 

.9689 

1.0001 

.9990 

1.0003 

1.0000 

.750 

1.137Efr08 

.9790 

1.4301 

226.11 

.6887 

.8979 

.7663 

1.0624 

.9888 

1.0002 

.99 89 

1.0003 

1.0000 

.800 

1. 1796^08 

.9792 

1.4297 

224.54 

.6562 

.8854 

.7403 

1.0382 

.9888 

1.0003 

• 9988 

1.0004 

1.0000 

.850 

l.217E^08 

.9793 

1.4293 

222.90 

.6237 

.8726 

.7139 

1.0207 

.9887 

1.0004 

.9986 

1.0004 

1.0000 

.900 

1.250E^08 

.9795 

1.4289 

221.21 

.5915 

.8593 

.6874 

1.0089 

,9087 

1,0005 

• 9985 

1.0005 

1.0000 

.950 

1.278EI-08 

.9797 

1.4284 

219.46 

.5598 

.8457 

.6608 

1.0021 

.9886 

1.0006 

.9984 

1.0005 

1.0000 

1.000 

1.3026^08 

.9798 

1.4280 

217.66 

.5286 

.8319 

.6343 

1.0000 

.9886 

1.0007 

.9983 

1.0006 

1.0000 

1.050 

1.321E*'08 

.9800 

1.4275 

215.82 

.4983 

.8178 

• 6060 

1.0020 

.9886 

1.0008 

.9982 

1.0006 

1.0000 

1.100 

1.336E«-08 

.9802 

1.4270 

213.93 

.4688 

.8036 

.5821 

1.0079 

.9885 

1.0J09 

.9981 

1.0006 

1.0000 

1.150 

1.347E«-08 

.9804 

1.4266 

212.02 

.4402 

.7892 

.5564 

1.0176 

.9885 

1.0008 

.9979 

1.0005 

1.0002 

1.200 

1.355E*-08 

.9806 

1.4261 

210.07 

.4128 

.7747 

.5314 

1.0306 

.9885 

1.0009 

.9978 

1.0005 

1.0002 

1.250 

1.359E*-0e 

.9838 

1.4257 

208.10 

.3865 

.7602 

.5070 

1.0469 

.9885 

1.0010 

.9977 

1.0005 

1.0002 

1.300 

1.360E«-08 

.9810 

1.4252 

206.11 

.3613 

.7456 

.4831 

1.0665 

.9885 

1.0011 

.9976 

1.0005 

1.0002 

1.350 

l.358Ef08 

.9812 

1.4248 

204.10 

.3374 

.7310 

• 4600 

1.0892 

.9885 

1.0012 

.9975 

1.0005 

1.0002 

1.400 

1.353E*'08 

.9814 

1.4243 

202.08 

.3147 

.7165 

.4376 

1.1151 

.9805 

1.0013 

.9974 

1.0004 

1.0002 

1.450 

1.346E«'08 

.9817 

1.4239 

200.04 

.2931 

.7021 

.4160 

1.1442 

.9885 

1.0014 

.9973 

1.0004 

1.0002 

1.500 

1.336E«-08 

.9819 

1.4235 

198.00 

.2728 

.6877 

.3951 

1.1764 

.98 86 

1.0014 

.9972 

1.0004 

1.0002 

1.550 

1.324E<'08 

.9821 

1.4231 

195.96 

.2536 

.6735 

.3751 

1.2119 

.9886 

1.0015 

.9971 

1.0003 

1.0003 

1.600 

1.310E4-08 

.9823 

1.4227 

193.91 

.2356 

.6594 

.3558 

1.2506 

.9886 

1.0015 

.9970 

1.0002 

1.0003 

1.650 

1.294Efr08 

.9825 

1.4223 

191.87 

.2187 

.6454 

.3374 

1.2927 

.9887 

1.0016 

.9969 

1.0001 

1.0004 

1.700 

1.277E>08 

.9828 

1.4219 

189.83 

• 2029 

.6317 

.3197 

1.3382 

.9887 

4..0016 

.9968 

1.0000 

1.0004 

1.750 

1.258E4-08 

.9830 

1.4216 

187.80 

.1881 

.6181 

.3028 

1.3872 

.9887 

1.0016 

.9967 

.9999 

1.0005 

1.800 

1.238E4-08 

.9832 

1.4212 

185.77 

• 1743 

.6047 

.2867 

1.4398 

• 9886 

1.0015 

.9966 

.9997 

1.0006 

1.850 

1.216E«'08 

.9834 

1.4209 

183.75 

• 1614 

.5915 

.2714 

1.4962 

.9888 

1.0015 

.9964 

.9996 

1.0007 

1.900 

l.l94E<-08 

.9836 

1.4205 

181.75 

.1495 

.5786 

• 2568 

1.5565 

.9889 

1.0014 

.9963 

.9994 

1.0008 

1.950 

1.171E^08 

.9838 

1.4202 

179.76 

.1383 

.5659 

.2^30 

1.6208 

.9889 

1.0014 

.99 62 

.9993 

l.OOlO 

2.000 

1.147EI-08 

•9840 

1.4199 

177.79 

• 1280 

.5534 

.2298 

1.6893 

.9890 

1.0013 

• 9961 

.9991 

1.0011 


table I. REAL-GAS ISENTKOPIC EXPANSIONS OF NITROGEN 





F. TT = 

140 K 

PT = 5 

atm 

OT = 12. 

660 KGM/M3 

CONTI NUEO 




MACH 

REY/M 

1 

GAMMA 

w 

M/SEC 

P/PT 

T/TT 

D/DT 

A/A^ 

W 

P/PT 

■relative 

t/tt 

TO IDEAL 

o/ot 

GAS VALUES- 

A/A* 

0.000 

0. 

.9631 

1.4584 

236.99 

1.0000 

1 .0000 

1.0000 

I 

.9826 

1.0000 

1.0000 

1.0000 

I 

.050 

1.560E4-07 

.9631 

1.4584 

236.93 

• 9903 

• 9995 

.9988 

11.5762 

.9826 

1.0000 

1.0000 

1.0000 

• 9988 

.100 

3.lllE«'07 

.9631 

1.4581 

236.75 

.9931 

.9980 

.9951 

5.8149 

.9826 

1.0001 

1.0000 

1.0001 

.9988 

.150 

4.643E«'07 

.9632 

1.4581 

236.44 

.9 044 

.9954 

• 9889 

3.9060 

.9825 

1.1000 

.9999 

1.0000 

• 9989 

• 200 

6,147E*07 

.9632 

1.4579 

236.02 

.9725 

.9919 

.9803 

2.9603 

.9825 

l.COOO 

.9998 

1.0000 

.9989 

.250 

7.615EI-07 

.9633 

1.4577 

235.47 

.9574 

.9874 

.9695 

2.4003 

.9824 

1.1000 

.9997 

1.0001 

.9990 

• 300 

9,039E«-07 

.9633 

1.4573 

234.61 

.9394 

• 9620 

.9565 

2.0331 

.9823 

.9999 

.9996 

1.0001 

.9991 

.350 

1.041E«'08 

.9634 

1.4570 

234.04 

.9187 

.9756 

.9414 

1.7764 

.9822 

.9999 

.9995 

1.3001 

.9991 

.400 

1.173E«*08 

.9635 

1.4565 

233.16 

.8956 

.9664 

.9244 

1.5889 

.9821 

.9999 

.9994 

1.0002 

.9992 

.450 

1.298E«-08 

.9636 

1.4561 

232.18 

.8702 

.9603 

.9057 

1.4476 

.9820 

1.0000 

.9992 

1.0002 

.9993 

.500 

1.4l6E«-08 

.9638 

1.4555 

231.10 

.8430 

.9515 

.8854 

1.3390 

.9818 

1.0000 

.9991 

1.0003 

• 9993 

.550 

1.526E<-0e 

.9639 

1.4550 

229.92 

.8141 

.9419 

.8635 

1.2545 

.9817 

.9998 

.9989 

1.0001 

.9996 

.600 

1.629E+08 

.9641 

1.4544 

228.65 

.7839 

.9316 

.8406 

1.1879 

.9816 

.9999 

.9987 

1.3002 

,9997 

• 650 

1.725Efr08 

.9642 

1.4537 

227.30 

.7528 

.9207 

.8166 

i.1354 

.9814 

.9999 

.9985 

1.0002 

.9998 

.700 

l.812Ef08 

.9644 

1.4531 

225.87 

.7209 

.9092 

.7918 

1 .0942 

.9813 

1. 0000 

.9983 

1.0003 

.9999 

.750 

1.891E«^08 

.9646 

1.4524 

224.37 

.6887 

.8972 

.7663 

1.0623 

.9812 

l.OOOi 

.9981 

1.0003 

.9999 

.800 

1.962E«-0a 

.9649 

1.4517 

222.79 

.6562 

.8847 

.7403 

1.0382 

.9811 

1.0002 

.9980 

1.3004 

1.0000 

.850 

2.025E«‘08 

.9651 

1.4509 

221.16 

.6237 

.8718 

.7140 

1.0207 

.9310 

1.0003 

.9978 

1.0005 

1.0000 

• 900 

2.080E4>08 

.9654 

1.4502 

219.47 

.5916 

.8585 

.6875 

1.0009 

.9809 

1.0005 

.9976 

1.0006 

1.0000 

.950 

2. 1286^08 

.9656 

1.4494 

217.72 

.5598 

.8449 

.6609 

1.0022 

• 9806 

1.0006 

.9974 

1.0006 

1.0000 

1.000 

2.168E«^08 

.9659 

1.4486 

215.93 

.5287 

.8310 

.6344 

1.0000 

.9807 

1.0008 

.9972 

i.0007 

l.OUOO 

1.050 

2.201E*‘08 

.9662 

1.4478 

214.10 

.4984 

.8169 

.6081 

1.0021 

.9807 

I.OJIO 

.9970 

1.0006 

1.0000 

1.100 

2.2276f08 

.9665 

1.4470 

212.23 

.4689 

.8026 

.5822 

1.0079 

.9806 

1.0012 

.9968 

1.0006 

1.0000 

1.150 

2.247E«*08 

.9668 

1.4463 

210.32 

.4405 

.7882 

.5567 

1.0175 

.9806 

1.0014 

.9967 

1.3009 

1.0000 

1.200 

2.260e«-08 

.9672 

1.4455 

208.39 

.4130 

.7737 

.5316 

1.0304 

.9806 

1.0016 

.9965 

1.0009 

1.0000 

1.250 

2.268E«“08 

.9675 

1.4447 

206.43 

.3863 

.7591 

.5072 

1.0467 

• 9606 

1.0017 

.9963 

1.0009 

1.0030 

1.300 

2.270E+08 

.9678 

1.4439 

204.46 

.3616 

.7445 

.4834 

1.0663 

.9606 

1.0019 

.9961 

1.0009 

l.OOOO 

1.350 

2.267Efr08 

.9682 

1.4431 

202.46 

.3377 

.7299 

.4602 

1.0890 

.9806 

1.0021 

.9959 

1.0009 

1.0000 

1.400 

2.260E«‘08 

.9685 

1.4424 

200.46 

• 3150 

.7154 

.4378 

1.1149 

.9806 

1.0022 

.9958 

1.0009 

l.oouo 

1.450 

2.243E«>08 

.9689 

1.4416 

198.44 

.2934 

.7009 

.4162 

1.1440 

.9806 

1.0024 

. .9956 

1.0008 

1.0001 

1.500 

2.232E*-08 

.9693 

1.4409 

196.42 

.2731 

.6865 

.3953 

1.1763 

.9807 

1.0025 

.9954 

1.0007 

l.OOOl 

1.550 

2.212E«‘08 

.9696 

1.4402 

194.40 

.2539 

.6722 

.3752 

1.2117 

.9807 

1.Q026 

.9952 

1.0006 

1.0002 

1.600 

2.189E«-08 

.9700 

1.4395 

192.37 

.2359 

.6581 

.3559 

1.2505 

.9807 

1.0027 

.9951 

1.0005 

1.0002 

1.650 

2.163E«>08 

.9704 

1.4388 

190.35 

.2190 

.6442 

.3374 

1.2926 

.9808 

1.0027 

.9949 

1.0003 

1.0003 

1.700 

2.135E**08 

.9707 

1.4382 

188.33 

.2032 

.6304 

.3193 

1.3382 

.9809 

1.0027 

.9947 

1.0001 

1.0005 

1.750 

2.104Efr08 

.9711 

1.4376 

186.32 

.1883 

• 6168 

.3029 

1.3873 

.9809 

1.0027 

.9945 

.9999 

1.0006 

1.800 

2.07lE«-08 

.9714 

1.4369 

184.31 

.1745 

.6034 

.2867 

1.4400 

.9810 

1.0027 

.9944 

.9997 

1.00Q8 

1.850 

2.035E^08 

.9718 

1.4364 

182.32 

.1616 

.5902 

.2714 

1.4965 

.9811 

1.0026 

.9942 

.9994 

1.0009 

1.900 

1.998E«-08 

.9721 

1.4358 

180.34 

.1496 

.5773 

.2568 

1.5569 

.9812 

1.0025 

.9940 

.9992 

l.UOU 

1.950 

1.960EO8 

.9725 

1.4352 

178.37 

.1385 

.5645 

.2429 

1.6214 

.9812 

1.0024 

.9939 

.9989 

1.0013 

2.000 

1.920Ef08 

.9728 

1.4347 

176.41 

.1281 

.5521 

.2297 

1.6901 

.9813 

1.0023 

.9937 

• 9986 

1.0016 


KJl 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




F 

. TT = 

140 K 

PT a 8 

ATM 

DT a 20. 

750 KGM/M3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 


P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

T/TT 

0/DT 

A /A* 





nf 3 tC 






r t LA live 

1 U 1 UC AL 

VALUti* 


0.000 


• 9402 

1.4997 

234.44 

1.0000 

1,0000 

l.OOOO 

1 

.9720 

1.0000 

1.0000 

1.0000 

I 

.050 

2.486E^07 

.9402 

1.4996 

234.38 

• 9983 

.9995 

.9988 

11.5665 

.9720 

1.0000 

1.0000 

1.0000 

.9979 

• 100 

4.958Efr07 

.9402 

1.4995 

234.19 

• 9932 

.9979 

• 9952 

5.8089 

.9720 

1.0001 

.9999 

1.0002 

• 9978 

• V50 

7.399E*07 

.9403 

1.4992 

233.88 

.9844 

.9954 

.9889 

3.9025 

.9719 

1.0000 

.9998 

1.0000 

• 9960 

.200 

9.79aE*-07 

.9403 

1.4989 

233.45 

.9725 

.9918 

.9804 

2.9578 

.9718 

1.3000 

• .9997 

1.0001 

• 9981 

• 250 

1.214EI-08 

• 9404 

1.4984 

232.89 

.9574 

.9872 

• 9696 

2.3983 

.9716 

.9999 

.9996 

1.0001 

.9982 

.300 

1.441E4-08 

.9405 

1.4979 

232.22 

.9394 

.9817 

• 9566 

2.0316 

.9715 

.9999 

.9994 

1.0002 

.9983 

• 350 

l^660Ef08 

• 9406 

1.4973 

231.44 

.9185 

.9753 

.9414 

1.7755 

.9713 

.9997 

.9992 

l.OOOl 

.9986 

• 400 

1.8706«-08 

.9407 

1.4966 

230.55 

.8953 

.9680 

.9244 

1.5882 

.9711 

.9997 

.9990 

1.0001 

• 9986 

.450 

2^069E«*08 

• 9409 

1.4958 

229.55 

.8700 

.9599 

• 9057 

1.4472 

.9708 

.9997 

• 9986 

1.0002 

.9990 

• 500 

2.258E*-08 

• 9411 

1.4949 

228.45 

.8427 

.9509 

• 8854 

1.3387 

.9706 

.9997 

.9985 

1.0002 

.9991 

.550 

2.435E*-08 

.9413 

1.4940 

227.26 

• 6139 

• 9413 

• 8637 

1.2541 

.9704 

.9997 

.9982 

1.0003 

• 9993 

• 600 

2.600E«>08 

.9415 

1.4930 

225.99 

.7838 

.9309 

.8408 

1.1876 

.9701 

.9997 

.9980 

1.0004 

.9995 

.650 

2.7536^08 

.9418 

1.4919 

224.62 

.7527 

.9199 

.8169 

1.1352 

.9699 

.9998 

.9977 

1.0005 

• 9996 

.700 

2.893E^08 

.9420 

1.4908 

223.19 

.7209 

• 9084 

.7921 

1.0941 

.96 97 

1.0000 

.9974 

1.0006 

.9997 

.750 

3.021E«>08 

• 9423 

1.4897 

221.68 

• 6886 

.8963 

• 7666 

1.0622 

.9694 

1.0001 

.9971 

1.0007 

• 9990 

• 600 

3.135E»08 

.9427 

1.A885 

220.10 

.6562 

.8837 

.7406 

1.0381 

.9692 

1.0003 

.9968 

L.0009 

.9999 

.850 

3.237Efr08 

.9430 

1.4872 

218.47 

.6238 

.8707 

.7143 

1.0206 

.96 90 

1.3005 

.9965 

1.0010 

.9999 

.900 

3^327E«-08 

• 9434 

1.4860 

216.78 

.5917 

.8573 

.6870 

1.0080 

.9689 

1.0008 

.9962 

1.0012 

1.0000 

.950 

3.404E«-08 

.9438 

1.4847 

215.04 

.5601 

.8436 

.6613 

1.0021 

.9687 

1.0011 

.9959 

1.0013 

l.OOOO 

1.000 

3.470e+08 

.9442 

1.4634 

213.25 

.5290 

.8297 

.6349 

1.0000 

.9686 

1.0014 

.9956 

1.0015 

1.0000 

1.050 

3.524E4^08 

• 9447 

1.4820 

211.43 

.4987 

.8155 

• 6086 

1.0020 

.9685 

1.0017 

.9954 

1.0016 

l.OOOO 

1.100 

3.567E«-08 

.9451 

1.4807 

209.57 

.4693 

• 8012 

.5827 

1.0079 

• 9684 

1.0020 

• 9951 

1.0017 

1.0000 

1.150 

3.600E«>08 

.9456 

1.4794 

207.68 

.4409 

.7067 

.5572 

1.0174 

.9683 

1.0024 

.9948 

1.0018 

.9999 

1.200 

3.623E4>08 

.9461 

1.4780 

205.77 

.4135 

.7721 

.5321 

1.0303 

.9682 

1.0327 

.9945 

1.0019 

• 9999 

1.250 

3^637Ef08 

.9467 

1.4767 

203.83 

.3872 

.7575 

.5077 

1.0466 

.9682 

1.0030 

.9942 

1.0019 

.9999 

1.300 

3.642E«>06 

.9472 

1.4754 

201.88 

.3621 

.7429 

.4839 

1.0662 

.9682 

1.0033 

.9940 

1.0020 

• 9999 

1.350 

3.639E4>08 

•9477 

1.4741 

199,91 

• 3382 

.7283 

.4607 

1.0889 

• 9682 

1.0036 

.9937 

1.0020 

.9999 

1.400 

3.628Ei>08 

• 9483 

1.4728 

197.93 

.3155 

.7137 

.4383 

1.1146 

.9682 

1.0039 

.9934 

1.0019 

.9999 

1.450 

3.610E«>06 

• 9489 

1.4716 

195.94 

• 2939 

.6992 

• 4166 

1.1439 

• 9683 

1.0042 

.9932 

i.ooie 

.9999 

1.500 

3.586E«-08 

• 9494 

1.4703 

193.95 

.2736 

•6848 

.395-^ 

1.1762 

.9683 

1.0044 

.9929 

1.0017 

1.0000 

1.550 

a.SSSEfOd 

.9500 

1.4691 

191,95 

• 2544 

.6705 

.3755 

1.2119 

• 9684 

1.0044 

.9926 

1.0014 

1.0003 

1.600 

3.520E4>08 

• 9506 

1.4679 

189.96 

• 236 3 

• 6563 

• 3561 

1.2507 

• 9665 

1.0045 

.9923 

1.0012 

1.0004 

1.650 

3.479E^08 

.9512 

1.4668 

187.97 

• 2194 

.6423 

.3376 

1.2929 

• 9686 

1.0046 

• 9921 

1.0009 

1.0006 

1.700 

3^434E«'08 

• 9518 

1.4656 

185.98 

• 2035 

•6285 

.3199 

1.3386 

.9687 

1.0046 

• 9918 

1.0006 

1.0007 

1.750 

3.385E«>08 

• 9524 

1.4646 

184.00 

.1887 

• 6149 

• 3030 

1.3878 

• 9688 

1.0046 

.9915 

1.0003 

1.0010 

1.600 

3«332E4-08 

• 9529 

1.4635 

182.03 

.1748 

• 6015 

• 2868 

1.4407 

• 9689 

1.0046 

• 9912 

•9999 

1.0012 

1.850 

3.2776^08 

.9535 

1.4625 

180.07 

• 1619 

• 5883 

.2714 

1.4974 

• 9690 

1.0045 

.9910 

.9995 

1.0015 

1.900 

3.218E«>08 

•9541 

1.4615 

178.12 

• 1499 

.5753 

• 2567 

1.5581 

• 9691 

1.0043 

•9907 

•9990 

1.0018 

1.950 

3.15684^08 

• 9546 

1.4606 

176.19 

.1387 

•5626 

• 2428 

1.6226 

• 9693 

1.0041 

.9904 

• 9965 

1.0022 



TABLE I. REAL-CAS ISENTROPIC EXPANSIONS OF NITROGEN 





F. TT = 

lAO K 

PT * 10 

ATM 

OT * 26. 

376 KGM/M3 

CONTINUED 




HACH 

REY/M 

1 

GAMMA 

w 

P/PT 

T/TT 

O/OT 

A/A» 

M 

P/PT 

.DC t . TI \JC 

T/TT 

O/OT 

A/A* 





n/ b cC 






C 1 VC 

* U < Lftm AL 

UAb VAL.UC5' 


0*000 

0. 

.9245 

1.5304 

232.73 

1.0000 

1.0000 

l.OOOO 

I 

.9649 

1.0000 

1.0000 

1.0000 

1 

.050 

3.102E*07 

.9246 

1.5303 

232.67 

.9903 

.9995 

.9908 

11.5556 

• 9649 

1.0000 

l.OOOO 

1.0000 

.9969 

*100 

6.185Ef07 

.9246 

1.5301 

232.48 

.9930 

.9979 

.9950 

5.8044 

• 9640 

1.0000 

.9999 

1.0000 

.9970 

.150 

9.231E*07 

.9246 

1.5298 

232.16 

.9844 

.9953 

.9889 

3.0989 

.9647 

1.0000 

• 9996 

1.0001 

.9971 

• 200 

1.222E«‘08 

.9247 

1.5294 

231.72 

.9724 

.9917 

.9804 

2.9552 

.9646 

.9999 

.9997 

1.0001 

.9972 

.250 

1.515Ef08 

.9248 

1.5288 

231.15 

.9574 

.9872 

.9696 

2.3962 

.9644 

.9999 

.9995 

1.0002 

.9973 

.300 

1.798E«-08 

.9249 

1.5281 

230.47 

.9392 

.9816 

.9565 

2.0303 

.9641 

.9997 

.9993 

l.OOOl 

.9977 

.350 

2.071E»08 

.9250 

1.5273 

229.60 

.9X84 

.9751 

.9414 

1.7742 

.9639 

.9996 

.9990 

l.OOOl 

.9979 

.400 

2.3336f08 

.9251 

1.5264 

228.78 

. 8952 

.9678 

• 9244 

1.5872 

• 96 36 

.9996 

.9987 

1.0002 

.9981 

.450 

2.583E»-08 

.9253 

1.5254 

227.77 

.8699 

.9596 

.9057 

1.4463 

• 9633 

.9995 

.9984 

1.0002 

• 9984 

.500 

2.818E«^08 

.9255 

1.5243 

226.66 

.6426 

.9506 

.8855 

1.2380 

.9630 

.9995 

.9981 

1.0003 

• 9986 

.550 

3.040EfOe 

.9257 

1.5232 

225.46 

.8136 

.9409 

• 8638 

1.2535 

• 9626 

.9995 

.9978 

1.0005 

.9989 

• 600 

3.247Efr08 

.9260 

1.5219 

224.17 

.7837 

.9305 

.8409 

1.1871 

.9623 

.9996 

.9975 

1.0006 

.9991 

.650 

3.438e*08 

.9263 

1.5205 

222.60 

.7526 

.9194 

• 8170 

1.1348 

.9620 

.9997 

.9971 

1.0007 

.9992 

.TOO 

3.614E+08 

.9266 

1.5191 

221.35 

-7208 

.9078 

.7923 

1.0937 

.9617 

.9999 

• 9968 

1.0009 

.9994 

.750 

3.7736+08 

,<)270 

1.5176 

219.84 

• 6666 

.8956 

• 7669 

1.0619 

• 9614 

1.0001 

.9964 

1.0011 

.9995 

.800 

3.917EI-08 

.9274 

1.5161 

218.26 

.6561 

• 8830 

.7408 

1.0381 

• 9611 

1.0001 

• 9960 

1.0011 

.9998 

.850 

4.045E«’08 

.9278 

1.5145 

216.62 

.6238 

.8700 

.7145 

1.0206 

• 9608 

1.0004 

.9957 

1.0013 

• 9999 

.900 

4.158E«’08 

.9282 

1.5128 

214.93 

.5917 

.8566 

.6881 

1.0089 

• 9606 

1.0007 

.9953 

1.0014 

1.0000 

.950 

4.255E#-08 

.9287 

1.5112 

213.19 

.5601 

.842 8 

.6615 

1.0022 

.9604 

1.0011 

.9950 

1*0016 

1.0000 

1.000 

4.338Ef08 

.9292 

1.5095 

211.41 

.5291 

.8289 

• 6351 

1.0000 

• 9602 

1.0015 

• 9946 

1.0018 

1.0000 

1.050 

4.407E*-08 

.9298 

1.5078 

209.59 

.4988 

.8147 

• 6089 

1.0021 

• 9600 

1.0019 

.9943 

i.ooao 

l.OOOO 

I.lOO 

4.462E^08 

.9303 

1.5060 

207.74 

.4695 

.0003 

.5830 

1.0079 

.9599 

1.0023 

.9939 

1.0022 

1.0000 

1.150 

4.504E»08 

.9309 

1.5043 

205.86 

.4411 

.7858 

.5575 

1.0174 

.9598 

1.0028 

• 9936 

1.0023 

l.OOOO 

1.200 

4.534E^08 

• 9315 

1.5026 

203.96 

.4137 

.7712 

.5325 

1.0304 

• 9597 

1.0032 

.9933 

1.0024 

.9999 

1.250 

4.553E+08 

.9322 

1.5008 

202.03 

.3075 

.7565 

.5080 

1.0467 

.9597 

1.0036 

.9929 

1.0025 

.9999 

1.300 

4.560E«'0e 

.9328 

1.4991 

200.09 

• 3624 

.7419 

• 4842 

1.0662 

.9596 

1.0040 

.9926 

1.0025 

.9999 

1.350 

4.557E«-08 

.9335 

1.4974 

198.14 

.3385 

.7272 

• 4610 

1.0889 

.9596 

1.0044 

.9923 

1.0025 

.9999 

1.400 

4.545E**08 

.9342 

1.4958 

196. 18 

.3158 

.7126 

.4385 

1.1148 

.9596 

1.0048 

• 9919 

1.0025 

• 9999 

1.450 

4.524E*08 

.9349 

1.4941 

194.21 

.294 2 

• 6981 

• 4168 

1.1439 

.9597 

1.0051 

• 9916 

1.0024 

1.0000 

1.500 

4.495E*“08 

.9356 

1.4925 

192.24 

.2739 

.6837 

.3959 

1.1762 

.9598 

1.0054 

.9913 

1.0023 

1.0000 

1.550 

4.458E^08 

.9363 

1.4909 

190.26 

.2547 

.6694 

.3758 

1.2117 

.9598 

1.0056 

• 9910 

1.0021 

1.0002 

1.600 

4.415E»08 

.9370 

1.4894 

188.29 

.2367 

.6552 

.3564 

1.2506 

.9599 

1.0058 

• 9906 

1.0018 

1.0003 

1.650 

4.365E«'08 

.9378 

1.4878 

186.32 

.2197 

• 6412 

.3378 

1.2926 

• 9600 

1.0060 

• 9903 

1.0015 

1.0005 

1.700 

4.309E*-08 

.9385 

1.4864 

184.35 

.2038 

.6274 

.3201 

1.3305 

.9602 

1.0060 

.9899 

1.0012 

1.0007 

1.750 

4.248E«-08 

.9392 

1.4050 

182.40 

• 1890 

.6137 

• 3031 

1.3878 

• 9603 

1.0060 

•9896 

1.0007 

1.0010 

1.800 

4.183E«-08 

.9399 

1.4836 

180.45 

.1751 

• 6003 

.2869 

1.4408 

• 9604 

1.0060 

.9893 

1.0003 

1.0013 

1.850 

4.114E^08 

.9406 

1.4822 

178.51 

• 1622 

.5871 

.2715 

1.4977 

• 9606 

1.0059 

• 9889 

.9997 

1.0017 



TABL£ U REAL-GAS ISENTROPIC EXPANSIONS OE NITROGEN 




F 

. TT « 

140 K 

PT = 15 

ATM 

. 

It 

Q 

379 KGM/K3 

CONTINUED 




MACH 

REY/M 

t 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A» 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

D/DT 

GAS VALUES- 

A/A* 

0.000 

0. 

• 8840 

1.6214 

228.42 

1.0000 

1.0000 

1.0000 

I 

.9471 

1.0000 

1.0000 

1.0000 

I 

.050 

4.640E«^07 

• 8840 

1.6213 

228.35 

.9983 

• 9995 

• 9988 

11.5248 

.9470 

1.0000 

1.0000 

1.0001 

.9943 

• 100 

9.252E»07 

.8840 

1.6210 

228.15 

.9930 

.9979 

.9951 

5.7893 

.9469 

1.0000 

.9999 

1.0001 

.9944 

• 150 

1.381E>08 

• 8840 

1.6205 

227.81 

.9843 

.9952 

• 9890 

3.8890 

.9467 

• 9999 

.9997 

1.0002 

.9945 

• 200 

1.829E«'08 

• 8841 

1.6199 

227.35 

.9722 

.9916 

• 9803 

2.9485 

.9464 

.9997 

.9995 

1.0001 

.9949 

,250 

2.266E^ae 

.8842 

1.6190 

226.75 

.9570 

• 9869 

.9695 

2.3913 

• 9460 

.9995 

.9992 

1.0001 

.9952 

• 300 

2.690E4-08 

• 8842 

1.6180 

226.04 

.9389 

.9812 

• 9566 

2.0262 

.9456 

.9994 

.9989 

1.0002 

.9956 

.350 

3.100E«^08 

• 8843 

1,6167 

225.21 

.9181 

• 9747 

.9416 

1.7709 

.9451 

.9992 

.9985 

1.0003 

• 9960 

• 400 

3.492E«^08 

• 8845 

1.6153 

224.26 

.8947 

.9672 

.9245 

1.5848 

.9446 

.9989 

•9981 

1.0002 

.9966 

.450 

3.666E«'08 

.8847 

1.6138 

223.21 

• 6692 

.9589 

• 9058 

1.4445 

.9440 

.9988 

• 9977 

1.0004 

.9971 

• 500 

4.220E«^08 

• 8849 

1.6121 

222.06 

• 8420 

.9497 

• 6856 

1.3366 

.9434 

.9987 

.9972 

1.0005 

.9976 

• 550 

4.552E«'08 

• 8851 

1.6102 

220.81 

.8131 

.9399 

• 8640 

1.2525 

.9428 

.9987 

.9967 

1.0007 

.9980 

•600 

4.863E«>08 

• 8854 

1.6082 

219.49 

.7830 

.9293 

• 8412 

1.1864 

.9422 

• 9988 

.9963 

1.0009 

.9905 

• 650 

5.151E»0e 

• 8857 

1.6060 

218.08 

.7520 

•9182 

.8174 

1.1343 

• 9416 

.‘9989 

.9958 

1.0012 

.9908 

.700 

5.416E«^08 

• 8861 

1.6038 

216.60 

.7203 

• 9064 

.7928 

1.0935 

• 9410 

.9991 

.9952 

1.0015 

.9992 

.750 

5.658E«‘08 

• 8865 

1.6014 

215.05 

• 6862 

.8942 

.7674 

1.0618 

.9405 

.9994 

.9947 

1.0018 

.9994 

• 800 

5.876E+08 

.8670 

1.5989 

213.45 

.6559 

• 8814 

.7416 

1.0379 

.9399 

.9990 

• 9942 

1.0022 

.9997 

• 850 

6, 071 E *08 

.8875 

1.5964 

211.79 

.6237 

• 8683 

.7154 

1.0205 

.9394 

1.0002 

.9937 

1.0025 

.9998 

•900 

6.244Ei‘08 

• 8881 

1.5937 

210.08 

.5917 

.8548 

.6891 

1.0086 

.9390 

1.0008 

.9933 

1.0029 

.9999 

• 950 

6.394E«’08 

• 8887 

1,5910 

208.34 

• 5602 

• 8410 

• 6626 

1.0021 

.9385 

1.0014 

•9928 

1.0033 

1.0000 

1.000 

6.522E«^08 

.8894 

1.5883 

206.56 

.5294 

• 8269 

.6363 

X.OOOO 

.9382 

1.0020 

.9923 

1.0037 

1.0000 

1.050 

6«629E«‘08 

• 8901 

1.5855 

204.74 

.4992 

• 8126 

.6101 

1.0020 

.9378 

1.0026 

.9918 

1.0041 

1.0000 

1.100 

6.717E«‘08 

• 8908 

1.5826 

202.90 

.4700 

.7982 

.5843 

1.0078 

.9376 

1.0035 

.9914 

1 . 0044 

.9999 

1.150 

6.784E«^08 

.8917 

1.5798 

201.04 

.4417 

.7836 

.5588 

1.0173 

.9373 

1.0043 

• 9909 

1.0046 

• 9998 

1.200 

6.833E4'08 

.8925 

1.5769 

199.16 

.4144 

.7690 

.5337 

1.0304 

.9371 

1.0048 

• 9904 

1.0048 

1.0000 

1.250 

6.865E«-08 

.8934 

1,5740 

197.27 

• 3862 

.7543 

.5093 

1.0466 

.9370 

1.0056 

.9900 

1.0050 

.9999 

1.300 

6.880E«‘08 

.8943 

1.5711 

195.36 

• 3632 

.7396 

• 4854 

1.0661 

.9369 

1.C063 

.9895 

1.0052 

.9998 

1.350 

6.881E4^08 

• 8953 

1.5663 

193.44 

.3394 

.7249 

.4622 

1.0888 

.9369 

1.0070 

.9891 

1.0053 

• 9990 

1.400 

6.866E«^08 

• 8963 

1.5655 

191.52 

• 3167 

.7102 

.4398 

1.1147 

.9369 

I.C077 

• 9886 

1.0053 

• 9998 

1.450 

6.839E4'06 

*8973 

1.5627 

189.60 

.2952 

.6957 

• 4180 

1.1437 

.9369 

1.0063 

• 9882 

1.0052 

.9998 

1.500 

6.799E^08 

• 8983 

1.5599 

167.67 

• 2748 

• 6812 

.3970 

1.1760 

.9370 

1.0Q88 

.9877 

1.0051 

.9999 

1.550 

6.747E<^08 

•8994 

1.5572 

185.75 

.2556 

• 6668 

.3768 

1.2116 

.9371 

1.0093 

• 9872 

1.0048 

1.0001 

1.600 

6.685E«^08 

.9005 

1.5546 

183.83 

• 2376 

• 6526 

.3573 

1.2505 

.9372 

1.0096 

•9868 

1.0045 

1.0003 

1.650 

6.613E«>08 

• 9015 

1.5520 

181.92 

.2206 

.6386 

.3387 

1.2929 

.9374 

1.0099 

• 9663 

1.0040 

1.0005 


TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





F* TT * 

140 K 

PT * 20 

ATM 

OT * 57. 

991 KGM/M3 

CONTINUED 




MACH 

RET/M 

L 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ A* 

W 

P/PT 

^RELATIVE 

T/TT 
TO IDEAL 

0/DT 

GAS VALUE S> 

A/A4 

0*000 

0* 

.8410 

1.7398 

224.09 

1.0000 

I .0000 

1.0000 

I 

.9291 

X.OOOO 

1.0000 

1.0000 

1 

*050 

6*190E«^07 

.8410 

1.7397 

224.01 

.9983 

.9995 

.9989 

11.4781 

.9290 

1.0(i0I 

1.0000 

1.0001 

*9902 

• 100 

1*234E«'08 

*8410 

1.7393 

223.79 

.9930 

.9978 

.9951 

5.7665 

• 9286 

.9999 

.9998 

1.0001 

• 9904 

.150 

1.842E«'08 

.84X0 

1.7387 

223.43 

.9841 

.9951 

.9889 

3.8745 

.9285 

.9997 

.9996 

l.OOOl 

.9908 

*200 

2*440E>08 

*8410 

1.7379 

222.93 

*9720 

.9914 

• 9804 

2.9377 

• 9280 

.9995 

.9993 

1.0002 

.9913 

.250 

3.023E«^08 

.8410 

1.7367 

222.29 

.9565 

.9866 

.9695 

2.3834 

.9274 

.9991 

.9990 

1.0001 

.9920 

• 300 

3.589E»08 

.8410 

1.7354 

221.52 

.9383 

.9809 

.9566 

2.0200 

.9267 

.9987 

*9985 

1*0002 

.9926 

• 350 

4.135E4^08 

• 8411 

1.7338 

220.63 

.9173 

.9742 

• 9416 

1.7662 

.9259 

.9984 

• 9981 

1.0003 

.9934 

•400 

4.659E*08 

.84X1 

1.7320 

219.62 

. 8939 

.9666 

.9247 

1.5808 

.9250 

.9981 

*9975 

1.0005 

• 9941 

• 450 

5.153Efr08 

• 8412 

1.7300 

218.50 

• 8684 

.9582 

• 9061 

1.4413 

.9241 

,9978 

.9970 

1.0007 

.9949 

.500 

5.63XE«^08 

.8413 

1.7277 

217.28 

.8410 

.9489 

• 8860 

1.3341 

.9231 

.9976 

*9964 

1*0010 

.9957 

*550 

6.O75E*-O0 

*8415 

1.7252 

215.97 

• 8120 

.9389 

• 8644 

1.2507 

.9221 

.9974 

.9957 

1.0011 

.9966 

•600 

6.491E»06 

.84X7 

1.7225 

214.58 

.7819 

• 9283 

.8417 

1.1850 

.9211 

.9974 

.9951 

1.0015 

.9973 

*650 

6.876E4-08 

*8420 

1.7196 

213.11 

.7509 

*9170 

• 8180 

1.1333 

.9201 

.9975 

.9945 

1.0019 

• 9980 

.700 

7.232E#^08 

.8423 

1.7165 

211.57 

.7193 

.9052 

.7935 

1.0928 

.9192 

.9977 

.^939 

1.0024 

.9985 

.750 

7.557E4’08 

.8427 

1.7132 

209.97 

.6873 

• 8928 

*7683 

1.0614 

.9182 

.9981 

.9932 

1.0030 

.9990 

.800 

7.851E#*08 

.8431 

1.7098 

208.32 

.6551 

• 8800 

.7426 

1.0376 

.9173 

.9987 

.9926 

1.0036 

.9994 

.850 

8.115E*08 

.8437 

1.7062 

206.62 

• 6231 

• 8668 

• 7166 

1.0203 

.9165 

.9993 

.9920 

1*0042 

.9997 

.900 

8.349E**08 

.8443 

1.7025 

204.88 

.5913 

.8532 

.6904 

1.0087 

.9157 

1.0001 

.9914 

1.0049 

.9999 

.950 

8.553E^08 

.8449 

1.6986 

203.11 

.5600 

.8394 

.6641 

1.0021 

.9150 

1*0010 

• 9909 

1.0055 

1.0000 

1*000 

8.730E*08 

.8457 

1.6947 

201.31 

.5293 

.8253 

.6379 

1.0000 

.9143 

1.0020 

.9903 

1.0062 

1.0000 

1.050 

8.873E«-08 

.8465 

1.6906 

199.49 

.4994 

• 8110 

.6118 

1.0020 

.9138 

1.0031 

.9898 

1.0069 

1.0000 

1*100 

9.000E«^08 

.8474 

1.6865 

197.65 

.4703 

.7965 

• 5861 

1.0078 

.9133 

1.0042 

.9892 

1.0075 

.9999 

1.150 

9.096E*^08 

• 8483 

1.6823 

195.79 

.4422 

.7819 

.5607 

1.0172 

.9129 

1.C054 

.9887 

1.0081 

.9997 

1*200 

9*I6dE«>08 

*8494 

1.6780 

193.92 

• 4151 

.7672 

.5357 

1.0300 

.9125 

1.0066 

•9862 

1.0087 

.9996 

1.250 

9.217E«'06 

.8505 

1.6737 

192.05 

.3891 

.7525 

.5113 

1.0462 

.9122 

1.0078 

.9877 

1.0091 

.9994 

1.300 

9.244E+08 

.8516 

1.6694 

190.17 

*3642 

.7378 

.4875 

1.0655 

.9120 

1.0090 

*9871 

1*0095 

.9993 

1.350 

9.250E«-08 

.8528 

1.6651 

188.26 

.3404 

.7231 

.4643 

1.0681 

.9119 

1.0102 

• 9866 

1.0098 

.9992 

1.400 

9.237E08 

.8540 

1.6608 

186.40 

.3178 

.7084 

• 4418 

1.1139 

.9118 

1.0112 

• 9861 

1*0099 

.9991 

1.450 

9.204E«-08 

.8553 

1.6565 

184.52 

.2963 

.6938 

.4199 

1.1431 

• 9118 

1.0120 

.9855 

1.0097 

.9993 


U1 



KTi 

OO 


TAdLE !• REAL-GAS ISENTRUPIC EXPANSIONS OF NITROGEN 




F 

• TT » 

140 K 

PT » 25 

ATM 

OT a 76, 

671 K6M/^3 

CONTINUEO 




MACH 

REV/M 

Z 

GAMMA 

w 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

T/TT 

O/OT 

A /A* 





M/ E\# 






Kc LA 1 1 VC 

1 U 1 Uc AL 

VALUt^— 


0*000 

0. 

•7951 

1.8992 

219.79 

1.0000 

1.0000 

1.0000 

I 

.9113 

1.0000 

1.0000 

1 .0000 

I 

.050 

7.768EV07 

.7951 

1.8992 

219.71 

.9983 

.9995 

.9989 

11.4122 

.9112 

1.0000 

1.0000 

1.0001 

.9845 

• 100 

l.549Ei*08 

.7951 

1.8988 

219.46 

.9929 

.9978 

.9952 

5.7335 

.9108 

.9999 

.9998 

1.0002 

.9848 

.150 

2.312E*^08 

.7950 

1.8982 

219.06 

.9839 

.9951 

.9890 

3.8535 

.9103 

.9995 

.9995 

1.0002 

.9854 

.200 

3.061E«'08 

.7949 

1.8973 

218.50 

.9715 

*9912 

• 9804 

2.9228 

.9096 

.9989 

.9992 

l.OOOl 

• 9863 

.250 

3.793E«-08 

.7948 

1.8962 

217.80 

.9559 

.9864 

.9696 

2.3719 

.9086 

.9984 

.9987 

1.0002 

.9672 

.'300 

4.503E»08 

.7946 

1.8949 

216.95 

.9375 

.9805 

.9567 

2.0111 

.9076 

,5979 

•9982 

1.0004 

• 9882 

.350 

5.187E«-08 

.7945 

1.8932 

215.97 

.9161 

.9737 

.9417 

1.7593 

.9063 

.9971 

.9976 

1.0004 

.9895 

.400 

5.844E*08 

.7944 

1.8913 

214.86 

.8925 

.9660 

.9249 

1.5754 

.9050 

.9966 

.9969 

1.0006 

• 9907 

.450 

6.469E+08 

•7943 

1.8891 

213.65 

• 8668 

.9575 

.9064 

1.4371 

.9036 

,9961 

.9962 

1.0009 

.9920 

.500 

7.062E4-08 

.7942 

1.6866 

212.33 

.8394 

.9481 

• 8864 

1.3308 

.9021 

.9956 

.9955 

1.0013 

.9932 

• 550 

7.620E*08 

.7941 

1.8839 

210.92 

• 8104 

.9381 

• 8650 

1.2479 

.9006 

.9954 

.9948 

1.0018 

.9944 

.600 

8.143Efr08 

.7942 

1.8809 

209.42 

.7803 

.9273 

.8425 

1.1829 

• 8990 

.9953 

.9941 

1.0024 

.9955 

.650 

8.6276^08 

.7943 

1.8775 

207.86 

.7492 

.9159 

• 6189 

1.1319 

.8975 

.9952 

.9933 

1.0030 

.9967 

.700 

9.074E«-08 

.7944 

1.8739 

206.23 

.7176 

.9040 

.7945 

1.0918 

.8960 

.9955 

.9926 

1.0037 

.9976 

.750 

9.484E«^08 

.7947 

1.8700 

204.55 

.685 8 

.8916 

.7696 

1.0607 

.8945 

.9959 

.9919 

1.0046 

.9984 

.800 

9.855E«-08 

.7950 

1.8658 

202.82 

.6538 

.8788 

.7441 

1.0372 

.8931 

.9966 

.9913 

1.0056 

.9990 

.850 

1.019E«^09 

.7954 

1.8614 

201.05 

.6219 

.8656 

.7183 

1.0201 

.8918 

.9975 

• 9906 

1.0066 

.9995 

• 900 

1.049E«'09 

.7959 

1.8567 

199.26 

.5904 

.8520 

.6923 

1.0086 

.8906 

.9986 

.9900 

1.0077 

.9998 

.950 

1.075E«^09 

.7965 

1.8518 

197.44 

.5594 

.8381 

• 6662 

1.0021 

.8894 

.9998 

.9894 

1.0088 

.9999 

1*000 

1.098E^09 

.7972 

1.8466 

195.60 

.5290 

.8240 

• 6402 

1.0000 

.8884 

1.0013 

.9889 

1.0099 

1.0000 

1.050 

1.117E«^09 

.7980 

1.8413 

193.74 

.4993 

• 8098 

.6144 

1.0020 

.8875 

1.0028 

.9863 

1.0110 

.9999 

1.100 

1.133E^09 

.7989 

1.8357 

191.88 

.4705 

.7953 

.5887 

1.0077 

• 6866 

1.0045 

.9878 

i.om 

.9998 

1.150 

1.145E^09 

.7999 

1.8300 

190.01 

.4426 

.7807 

.5635 

1.0170 

.8859 

1.0063 

.9872 

1.0132 

.9996 

1.200 

1.155E^09 

.8010 

1.8242 

188.14 

.4157 

• 7661 

.5366 

1.0297 

.8853 

1.0081 

.9867 

1.0141 

.9993 

1.250 

1.162E^09 

• 8022 

1.8182 

186.28 

.3899 

.7514 

.5143 

1.0457 

.8848 

1.C099 

.9862 

1.0150 

• 9990 

1.300 

1«166E»09 

• 8035 

1.8121 

184.41 

.3651 

.7367 

.4905 

1.0650 

.8644 

1.0117 

.9857 

1.0157 

.9987 



TABLE 1. REAL-GAS ISEKTRQPIC EXPANSIONS OF NITROGEN 





F. TT » 

140 K 

PT = 30 

ATM 

OT « 98. 

112 KGM/M3 

CONCLUOEO 




MACH 

REV/M 

L 

GAMMA 

w 

M/SEC 

P/PT 

T/TT 

D/OT 

A/A* 

w 

P/PT 

-RELATIVE 

T/TT 
TO IDEAL 

D/OT 

GAS VALUES- 

A/A* 

0.000 

0. 

.7457 

2.1233 

215.62 

1.0000 

1.0000 

1.0000 

I 

.8940 

1.0000 

1.0000 

1.0000 

r 

• 030 

9.398E»07 

•7456 

2.1233 

215.53 

.9983 

.9995 

.9989 

11.3191 

.8938 

1.0000 

1.0000 

1.0001 

.9765 

• 100 

1.874E»0e 

.7455 

2.1232 

215.25 

.9926 

.9978 

.9951 

5.6887 

.8933 

.9996 

.9998 

1.0001 

.9771 

• 150 

2.796E^08 

.7453 

2.1230 

214.79 

.9834 

.9949 

• 9690 

3.8242 

.8925 

.9990 

.9994 

1.0001 

.9780 

• 200 

3.702E*08 

.7450 

2.1228 

214.15 

.9709 

.9911 

.9805 

2.9014 

.8915 

.9983 

.9990 

1.0002 

.9790 

.250 

4.586E»oe 

.7447 

2.1224 

213.35 

.9549 

• 9861 

.9697 

2.3559 

.8901 

.9973 

.9984 

1.0002 

.9805 

• 300 

5.443E»08 

.7443 

2.1219 

212.39 

.9360 

.9802 

.9568 

1.9987 

• 8885 

.9964 

.9978 

1.0004 

.9821 

.350 

6.269E»08 

.743 8 

2.1212 

211.28 

.9145 

.9733 

.9419 

1.7493 

• 8867 

• 9954 

.9971 

1.0007 

.9839 

.400 

7.061E«-08 

.7434 

2.1202 

210.04 

.8905 

.9654 

.9251 

1.5676 

.8847 

.9943 

.9963 

1.0009 

.9859 

.450 

7.816£*08 

.7430 

2.1191 

208.68 

.8645 

.956 8 

.906 7 

1.4309 

.8626 

.9933 

.9956 

1.0014 

.9878 

• 500 

8.531E4^08 

.7426 

2.1176 

207.22 

.6368 

.9474 

.8869 

1.3260 

• 8804 

.9926 

.9948 

1.0019 

.9897 

.550 

9.204E«*08 

.7422 

2.1159 

205.66 

.8076 

.9373 

.8657 

1.2443 

.8781 

.9920 

.9940 

1.0027 

.9915 

• 600 

9.834E+08 

.7419 

2.1138 

204.02 

.7775 

.9265 

.8434 

1.1801 

.8758 

.9917 

.9932 

1.0036 

.9932 

• 650 

1.042E<-09 

.7416 

2.1113 

202.31 

.7465 

.9151 

• 6202 

1.1297 

.8735 

• 9916 

.9924 

1.0046 

.9948 

.700 

1.096E*09 

.7415 

2.1085 

200.55 

• 7150 

.9032 

.7962 

1.0901 

.8713 

• 9918 

.9917 

1.0058 

.9961 

.750 

l.l45Efr09 

.7414 

2.1051 

198.74 

• 6632 

.8907 

.7714 

1.0597 

.8691 

.9922 

.9910 

1.0070 

.9974 

• 800 

1.191E*^09 

.7414 

2.1013 

196.89 

.6514 

.8779 

.7463 

1.0366 

• 8670 

• 9930 

.9903 

1.0085 

.9984 

• 650 

1.231E^09 

.7416 

2.0971 

195.02 

.6199 

• 8648 

.7208 

1.0198 

.8650 

.9942 

.9897 

1.0101 

.9991 

.900 

1.268E»09 

.7418 

2.0924 

193.12 

.5887 

.8512 

.6951 

1.0085 

.8631 

.9956 

.9892 

1.0117 

• 9996 

• 950 

1.300E»09 

.7422 

2.0872 

191.22 

.5580 

.8375 

.6694 

1.0021 

• 8614 

.9973 

.9686 

1.0135 

.9999 

1.000 

1.327E^09 

.7427 

2.0816 

189.30 

.5279 

.8235 

.6436 

1.0000 

.8598 

.9993 

• 9882 

1.0153 

1.0000 

1^050 

1.351E«>09 

.7433 

2.0755 

187.39 

• 4986 

• 8093 

.6181 

1.0019 

.8583 

1.0015 

.9877 

1.0171 

.9999 

l.lOO 

1.371E«^09 

.7441 

2.0690 

165.48 

.4702 

.7949 

.5927 

1.0076 

.8570 

1.0039 

.9873 

1.0169 

.9997 

1.150 

l.368E«^09 

.7450 

2.0620 

183.58 

• 4426 

.7804 

• 5676 

1.0167 

• 8559 

1.0064 

•9869 

1.0206 

.9993 


VJ1 

VO 


o 


TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





G . 

TT = 150 

K PT 

* 1 ATM 

DT 

» 2.289 

KGM/M3 





MACH 

REir/M 

Z 

GAMMA 

M 

P/PT 

T/TT 

O/OT 

A/ A* 

W 

P/PT 

T/TT 

O/OT 

A /A* 





M/sec 





RELATIVE TO 

IDEAL 

GAS VALUES- 


O.JOO 

0. 

.9941 

1.4092 

249.00 

1.0000 

1.0000 1 

• 0000 

I 

.9974 

1.0000 

1.0000 

1.0000 

I 

.050 

2.848E^'06 

.9941 

1.4092 

248.94 

.9983 

.9995 

.9989 

11.5886 

.9974 

1.0000 

1.0000 

1.0000 

.9998 

.100 

5.678E«-06 

.9942 

1.4091 

248.75 

. 9930 

.9980 

.9950 

5.8205 

.9974 

1.0000 

1.0000 

1.0000 

.9998 

.150 

8.473£f06 

.9942 

1.4091 

248.44 

.9844 

.9955 

.9889 

3.9094 

.9974 

1.0000 

l.OOOO 

1.0000 

.9998 

• 200 

1.122E+07 

.9942 

1.4091 

248.01 

.9725 

.9920 

.9803 

2.9628 

.9974 

1.0000 

1.0000 

1.0000 

.9998 

.250 

1.389E«'07 

.9942 

1.4090 

247.45 

.9575 

.9876 

.9695 

2.4021 

.9974 

l.OUOO 

.9999 

1.0001 

.9997 

• 300 

1.649E^07 

.9942 

1.4090 

246.78 

.9395 

.9022 

.9565 

2.0345 

.9973 

1.3001 

.9999 

l.OOOI 

.9997 

• 350 

1.898E+07 

.9942 

1.4089 

245.99 

• 9188 

.9760 

.9414 

1.7775 

.9973 

l.COOl 

.9999 

1.0001 

.9997 

.400 

2.137EI-07 

.9942 

1.4089 

245.09 

.8957 

,9689 

.9244 

1.5897 

.9973 

1.0001 

.9999 

1.0002 

.9997 

.A50 

2.36^Evo7 

.9942 

1.4088 

244.08 

.8702 

.9609 

.9055 

1.4485 

.9973 

.9999 

.9998 

1 .0000 

.9999 

.500 

2.578Ef07 

.9943 

1.4087 

242.97 

.8430 

.9522 

.8852 

1.3397 

.9972 

.9999 

.9998 

1.0000 

.9999 

.550 

2.778Et-Q7 

.9943 

1.4086 

241.75 

• 8141 

.9427 

.8635 

1.2549 

.9972 

.9999 

.9998 

1.0000 

.9999 

.600 

2.964E+07 

.9943 

1.4085 

240.45 

.7840 

.9326 

.8405 

1.1882 

.9972 

.9999 

.9997 

1.0000 

.9999 

.650 

3.136E*07 

.9943 

1.4084 

239.05 

.7523 

.9218 

.0165 

1.135fc 

.9972 

.9999 

.9997 

1.0000 

1.0000 

.700 

3.292E4-07 

.9944 

i.4083 

237.57 

.7209 

.9104 

.7916 

1.0944 

.9971 

.9999 

.9997 

1.0001 

1.0000 

.750 

3.434Ef07 

.9944 

1.4082 

236.01 

• 6685 

.8985 

.7661 

1.0624 

.9971 

1.0000 

.9996 

1.0001 

1.0000 

.600 

3.561E<-07 

.9944 

1.4061 

234.38 

.6560 

• 8862 

.7401 

1.0382 

.9971 

1.0000 

.9996 

1.0001 

l.OOOO 

.850 

3.673E>07 

.9945 

1.4079 

232.68 

.6235 

.8734 

.7137 

1.0207 

.9971 

i. JJOO 

.9996 

1.3001 

1.0000 

.900 

3.770Ef07 

.9945 

1.4078 

230.91 

.5913 

.0602 

.6871 

1.0089 

.9970 

l.OOOO 

.9995 

1.0001 

1.0000 

.950 

3.854E<-07 

.9946 

1.4077 

229.09 

.5595 

.8467 

• 6605 

1.0022 

.9970 

1.0000 

.9995 

l.OOOI 

l.OOOO 

1.000 

3.923E4-07 

.9946 

1.4076 

227.22 

.5283 

.8329 

.6340 

1.0000 

.9970 

1.0000 

.9994 

1.0002 

1.0000 

1.050 

3.980E*“07 

.9946 

1.4074 

225.30 

.4979 

• 8189 

.6078 

1.0020 

.9970 

l.COOl 

.9994 

1.0002 

1.0000 

1.100 

4.024E*“07 

.9947 

1.4073 

223.34 

• 4684 

.8047 

• 5818 

1.0079 

• 9970 

1.0001 

.9994 

1.0002 

1.0000 

X.150 

4.057E«-07 

.9947 

1.4072 

221.34 

.4399 

.7903 

.5563 

1.0175 

.9970 

1.0001 

.9993 

1.0002 

l.OOOO 

1.200 

4.078E*07 

.9948 

1.4070 

219.31 

.4125 

.7759 

.5313 

1.0304 

.9970 

1.0002 

.9993 

1.3002 

1.0000 

1.250 

4.089E+07 

.9949 

1.4069 

217.25 

• 3861 

.7613 

.5068 

1.0467 

.9969 

1.0002 

.9993 

1.0002 

l.OOOO 

1.300 

4.090E<‘07 

.9949 

1.4068 

215.17 

.3610 

.7468 

.4830 

1 .0663 

.9969 

1.0002 

.9992 

1.0002 

1.0000 

1.350 

4.082E+07 

.9950 

1.4067 

213.07 

.3371 

.7323 

.4599 

1.0890 

.9969 

1.0003 

.9992 

1.0002 

1.0000 

1.400 

4.066EI-07 

.9950 

1.4065 

210.95 

.3143 

.7178 

.4375 

1.1149 

.9969 

1.0003 

.9992 

1.0002 

1.0000 

1.450 

4.042E+07 

.9951 

1.4064 

208.82 

• 2928 

.7034 

.4159 

1.1439 

.9969 

1.0003 

.9991 

1.0002 

1.0000 

1.500 

4.012E*07 

.9951 

1.4063 

206.69 

.2725 

• 6890 

.3951 

1.1761 

.9969 

1.0003 

.9991 

1.0002 

l.OOOO 

1.550 

3.975E4“07 

.9952 

1.4062 

204.55 

.2534 

.6740 

.3751 

1.2116 

• 9969 

1.0004 

• 9991 

1.0002 

1.0000 

1.600 

3.932E*-07 

.9953 

1.4061 

202.41 

.2354 

.6607 

.3558 

1.2502 

.9969 

1.C004 

.9990 

1.0002 

1.0000 

1.650 

3.885E*-07 

.9953 

1.4059 

200.27 

• 2185 

• 6468 

.3374 

1.2922 

.9969 

1. 0004 

.9990 

1.0002 

1.0000 

1.700 

3. 8326^07 

.9954 

1.4058 

198.13 

.2027 

.6331 

.3198 

1.3376 

.9970 

1.0004 

.9990 

1.0002 

1.0000 

1.750 

3.776E»-07 

.9954 

1.4057 

196.00 

.1879 

.6195 

.3029 

1.3865 

.9970 

1. Oo04 

.9989 

1.0002 

L.OOOO 

1.600 

3.716E+07 

.9955 

1.4056 

193. 68 

.1741 

• 6061 

• 2669 

1.4390 

.9970 

1.0004 

.9989 

1.0002 

l.OOOI 

1.850 

3.653E<-07 

.9956 

1.4055 

191.77 

.1613 

.5930 

.2716 

1.4953 

.9970 

1.C004 

.9909 

1.0001 

1.0001 

1.900 

3.587E+07 

.9956 

1.4054 

189.67 

.1493 

• 5801 

• 2570 

1.5554 

.9970 

1.0004 

.9980 

1.0001 

1.0001 

1.950 

3.519E>07 

.9957 

1.4053 

187.59 

.1382 

.5674 

.2432 

1.6195 

.9970 

1.0004 

• 998B 

1.0001 

1.0001 

2.000 

3.449Ef07 

.9957 

1.4053 

185.52 

.1279 

.554 9 

• 2301 

1.6077 

.9970 

1.0004 

• 9988 

1.0000 

1.0002 



TABLE I. REAL-GAS ISE^TR0P1C EXPANSIONS OF NITROGEN 





G. TT * 

15U K 

PT a 3 

ATM 

OT « 6. 

,951 KGM/M3 

CONTINUED 




MACH 

REf/M 

1 

GAHHA 

m 

o 

P/PT 

T/TT 

D/OT 

A/A* 

w 

P/PT 

•RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES' 

A/A* 

0.000 

0. 

.9824 

1.4282 

247.69 

I .0000 

I .0000 

1.0000 

I 

.9921 

l.COOO 

1.0000 

1.0000 

I 

• 050 

B.5llE*06 

• 9824 

1.4282 

247.62 

.9983 

.9995 

• 9988 

11.5842 

.9921 

1.0000 

1.0000 

1.0000 

.9994 

.100 

1.697E*-07 

.9824 

1.4281 

247.43 

.9931 

• 9980 

.9951 

5.8180 

.9921 

1.0000 

1.0000 

1.0001 

.9993 

.150 

2.533E*07 

.9824 

1.4280 

247.12 

.5 845 

• 9955 

• 9890 

3.9077 

.9921 

1.0001 

.9999 

1.0001 

.9993 

.200 

3.353Ef07 

.9824 

1.4279 

246.68 

.9725 

.9920 

.9803 

2.9619 

.9920 

1.0000 

.9999 

1.0000 

.9994 

• 250 

4.153E4-07 

.9824 

1.4278 

246.12 

. S574 

.9875 

.9694 

2.4015 

.9920 

• 9999 

• 9999 

1.0000 

• 9995 

• 300 

A.929£*07 

.9825 

1.4276 

245.44 

.9394 

.9821 

.9564 

2.0341 

.9919 

.9999 

.9998 

1.0000 

.9995 

.350 

5.676E*07 

.9825 

1.4274 

244.64 

.9187 

.975 8 

.9413 

1.7772 

.9919 

.9999 

.9997 

1.0000 

.9996 

• 400 

6.390E«'07 

.9825 

1.4272 

243.74 

.8955 

• 9686 

.9243 

1.5896 

.9918 

.9999 

.9996 

1.0001 

.9996 

.450 

7.070E*-07 

.9826 

1.4270 

242.72 

.8701 

.9606 

.9056 

1.4462 

.9917 

.9999 

.9996 

l.OOOl 

.9997 

*500 

7,711E*07 

.9826 

1.4267 

241.60 

.8429 

.9519 

. 8853 

1.3395 

.9916 

.9999 

.9995 

1.0001 

.9997 

.550 

8.312E^'07 

.9827 

1.4265 

240.38 

.8141 

.9424 

.8635 

1.2547 

.9916 

.9999 

.9994 

1.0001 

.9998 

.600 

8.870E+07 

.9828 

1.4262 

239.07 

. 7839 

.9321 

.8406 

1.1880 

.9915 

.9999 

• 9993 

1.0002 

• 9998 

.650 

9.385E^Q7 

.9829 

1.4258 

237.67 

.7527 

.9213 

• 8166 

1.1355 

.9914 

.9999 

.9992 

1.0002 

• 9999 

.700 

9.856E+07 

.9829 

1.4255 

236. 18 

.7209 

.9099 

.7918 

1.0943 

.9913 

• 9999 

.9991 

1.0003 

• 9999 

• 750 

1.02dEfr0a 

.9830 

1.4252 

234.62 

• 6885 

.8979 

.7663 

1.0624 

.9912 

1.0000 

.9989 

1.0003 

I. 0000 

.800 

1.066E*-08 

.9831 

1.4248 

232.98 

.6560 

.8855 

.7403 

1.0382 

.9912 

1.3JOO 

.9988 

1.0004 

1.0000 

• 650 

1.100E^08 

.9832 

1.4244 

231.28 

.6236 

.8726 

.7139 

1.0207 

.9911 

1.0001 

.9987 

1.0004 

1.0000 

.900 

i.iaOE^'OS 

.9834 

1.4240 

229.52 

.5913 

.8594 

.6874 

1.0089 

.9910 

1.0001 

.99 86 

1.0005 

1.0000 

.950 

1.155E^08 

.9835 

1.4237 

227.70 

.5596 

.8458 

.6608 

1.0021 

.9910 

1.0002 

.9905 

1.0006 

1.0000 

1.000 

l.l76EfrQ8 

.9836 

1.4233 

225.83 

.5284 

.8320 

.6343 

1.0000 

.9909 

1.0003 

.9984 

1.0006 

1.0000 

1.050 

1.194E4-08 

.9838 

1.4229 

223.91 

.4901 

.8X30 

• 6081 

1.0020 

.9908 

1.0004 

.9983 

1.0007 

1.0000 

1.100 

1.207E4-08 

.9839 

1.4225 

221.95 

.4686 

.8037 

.5821 

1.0079 

.9900 

1.0005 

.9982 

1.0007 

1.0000 

1.150 

1.217E*08 

.9841 

1.4221 

219.96 

.4401 

.7893 

.5566 

1.0174 

.9908 

1.0006 

.9981 

1.0008 

1.0000 

1.200 

1.224E«'0e 

• 9842 

1.4217 

217.94 

.4127 

.7749 

.5316 

1.0304 

.9907 

1.0007 

.9980 

1.0008 

.9999 

1.250 

1.223E4»08 

.9844 

1.4213 

215.89 

.3 664 

.7603 

.5071 

1.0467 

.9907 

1.3J08 

.9979 

1.0009 

.9999 

1.300 

1.228E^08 

.9845 

1.4209 

213.82 

• 3613 

.7458 

.4833 

1.0662 

.99C7 

1.0009 

.9976 

1.0009 

.9999 

1.350 

1.2266 ♦•08 

.9847 

1.4205 

211.73 

.3373 

.7312 

• 4602 

1.0889 

.9907 

I.OJIO 

.9977 

1.0009 

.9999 

1.400 

1.222E4-08 

.9849 

1.4201 

209.63 

• 3146 

.7167 

.4378 

1.1148 

.9907 

1.0011 

.9976 

1.0009 

.9999 

1.450 

l.215EfO0 

.9851 

1.4198 

207.51 

.2931 

.7022 

.4162 

1.1438 

.9907 

1.0012 

.9975 

1.0009 

.9999 

1.500 

1.206E<-08 

.9852 

1.4194 

205.39 

.2728 

.6879 

• 3954 

1.1760 

.9907 

1.0013 

•9974 

1.0009 

.9999 

1.550 

l.l95E<-08 

.9854 

1.4190 

203.27 

.2536 

.6737 

.3753 

1.2114 

.9907 

1.0014 

.9973 

1.0009 

.9999 

1.600 

1.183E*08 

.9856 

1.4107 

201.14 

.2356 

.6596 

• 3560 

1.2501 

.9907 

1.0014 

.9973 

1.0009 

.9999 

1.650 

l.l68E<-08 

.9858 

1.4183 

199.02 

.2187 

.6456 

.3375 

1.2924 

.9907 

1.0013 

.9972 

1.0007 

1.0001 

1.700 

1.1536*08 

• 9860 

1.4180 

196.90 

.2029 

.6319 

.3199 

1.3378 

.9907 

1.0013 

.9971 

1.0006 

1.0002 

ls.750 

1.1366*08 

.9861 

1.4177 

194.79 

.1881 

•.6183 

• 3030 

1.3668 

.9908 

1.0013 

.9970 

1.0005 

1.0002 

1.800 

1.118E*08 

.9063 

1.4174 

192.68 

.1743 

.6049 

• 2869 

1.4394 

.9908 

1.0014 

.9969 

1.0004 

1.0003 

1.850 

1.0996*08 

• 9865 

1.4171 

190.59 

• 1614 

.5918 

.2716 

1.4957 

• 9908 

1.0013 

.9968 

1.0003 

1.0003 

1.900 

1.0806*08 

.9867 

1.4168 

188.51 

.1494 

.5780 

.2571 

1.5559 

.9909 

1.0013 

.9967 

1.0002 

1.0004 

1.950 

1.0596*00 

.9868 

1.4165 

186.44 

• 1383 

• 5661 

• 2432 

1.6201 

.9909 

1.0013 

• 9966 

1.0001 

1.0005 

2.000 

1.0386*06 

.9870 

1.4162 

184.39 

.1280 

.5536 

• 2300 

1.6885 

.9909 

1.0013 

.9965 

1.0000 

1.0006 



ON 

ro 


TAatE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





G. TT » 

150 K 

PT * 5 

ATN 

OT - 11. 

727 K6M/M3 

CONTINUED 




NACH 

REY/M 

1 

GANNA 

W 

H/SEC 

P/PT 

T/TT 

O/OT 

A/A4 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

D/OT A/A4 

GAS VALUES 

0.000 

0. 

.9704 

1.4484 

246.38 

1.0000 

1 .0000 

1.0000 

I 

.9869 

1.0000 

1 .0000 

1.0000 

I 

.050 

1.414E«^07 

.9704 

1.4484 

246.31 

• 9983 

.9995 

• 9988 

11.5763 

.9869 

1.0000 

1.0000 

1.0000 

• 9986 

• 100 

2.819E»07 

.9704 

1.4483 

246.12 

.9931 

.9980 

.9951 

5.8140 

• 9868 

1.0001 

1.0000 

1.0001 

•9986 

• 150 

4.208E«’07 

.9705 

1.4482 

245.80 

.9844 

.9954 

.9889 

3.9054 

• 9868 

1.0000 

.9999 

1.0000 

.9987. 

• 200 

5.571E»07 

• 9705 

1.4480 

245.36 

.9724 

.9919 

.9803 

2.9599 

.9867 

• 9999 

.9998 

1.0000 

.9986 

.250 

6.900E^07 

.9705 

1.4478 

244.79 

.9574 

.9874 

.9695 

2.4000 

• 9866 

.9999 

.9998 

1.0000 

• 9989 

•300 

8.X90E»07 

•9706 

1.4475 

244. 10 

.9393 

.9820 

• 9564 

2.0329 

•9865 

• 9999 

.9997 

1.0001 

.9989 

•350 

9.432E»07 

.9706 

1.4472 

243.30 

• 9186 

.9756 

.9414 

1.7762 

• 9864 

• 9998 

.9995 

1.0001 

.9990 

.400 

1.062E^oe 

.9707 

1.4468 

242.38 

.8954 

.9684 

.9244 

1.5887 

• 9863 

.9998 

.9994 

1.0001 

• 9M1 

.450 

1.175E»08 

.9708 

1.4464 

241.36 

• 8701 

•9604 

.9057 

1.4475 

• 9862 

.9998 

.9993 

1 .0002 

.9992 

.500 

1.282E4-08 

.9709 

1.4460 

240.23 

• 8428 

.9515 

.8854 

1.3389 

• 9860 

.9998 

.9991 

1.0002 

.9993 

• 550 

1.382E«^06 

.9709 

1.4455 

239.00 

• 8140 

• 9420 

• 8637 

1.2542 

.9859 

• 9998 

.9990 

1 .0003 

.9994 

.600 

1.475E*^08 

.9711 

1.4450 

237.68 

.7839 

.9317 

.8408 

1.1875 

.9857 

.9998 

• 9988 

1.0004 

.9994 

.650 

1.561E»0e 

.9712 

1.4444 

236.27 

.7526 

• 9208 

.8167 

1.1353 

• 9856 

.9996 

.9986 

1.0003 

.9997 

• 700 

1.639E«^08 

.9713 

1.4439 

234.78 

.7207 

.9093 

.7918 

1.0942 

.9854 

.9997 

• 9984 

1.0003 

.9998 

.750 

1.711E»08 

.9715 

1.4433 

233.21 

.6084 

.8973 

.7664 

1.0623 

.9853 

.9997 

.9983 

1.0004 

• 9999 

• 800 

1.774E^08 

.9716 

1.4427 

231.57 

.6559 

.8848 

.7404 

1.0382 

.9851 

.9998 

• 9961 

1.0005 

.9999 

.850 

1.831E+08 

.9718 

1.4420 

229.86 

.6235 

.8719 

.7140 

1.0206 

.9850 

.9999 

.9979 

1.0006 

1.0000 

.900 

1.881E«-08 

.9720 

1.4414 

228.10 

.5913 

• 8586 

• 6875 

1.0089 

.9849 

1.0000 

.9977 

1.0007 

1.0000 

.950 

1.923E«-08 

.9722 

1.4407 

226.28 

.5596 

• 8450 

.6610 

1.0022 

.9848 

1.0001 

.9976 

1.0008 

1.0000 

1.000 

1.959E*08 

.9724 

1.4401 

224.41 

• 5284 

• 8312 

.6345 

1.0000 

.9847 

1.0003 

.9974 

1.0009 

1.0000 

1.050 

1.988E«^08 

.9726 

1.4394 

222.50 

.4981 

.8171 

• 6082 

1.0020 

.9846 

1.0004 

.9972 

1.0009 

1.0000 

1.100 

2.011E«^08 

.9729 

1.4387 

220.55 

.4687 

.8028 

• 5823 

1.0079 

.9845 

1.0006 

.9971 

1.0010 

1.0000 

1.150 

2.029E«-08 

.9731 

1.4380 

218.56 

.4402 

.7884 

.5568 

1.0174 

.9845 

1.0008 

.9969 

1.0011 

1.0000 

1.200 

2.040E#^08 

.9734 

1.4374 

216.55 

• 4128 

.7739 

.5318 

1.0304 

• 9844 

1.0010 

.9967 

1.0012 

1.0000 

1.250 

2.047Ef08 

.9736 

1.4367 

214.51 

• 3365 

.7593 

.5074 

1.0467 

.9844 

1.0011 

• 9966 

1.0013 

.9999 

1.300 

2.049E*08 

.9739 

1.4360 

212.45 

.3614 

.7447 

.4835 

1.0662 

.9843 

1.0013 

.9964 

1.0013 

.9999 

1.350 

2.046E^08 

.9742 

1.4354 

210.37 

.3375 

.7302 

.4604 

1.0889 

.9843 

1.0015 

.9963 

1.0013 

.9999 

1.400 

2.039E«'08 

.9745 

1.4347 

208.28 

• 3148 

.7156 

•4380 

1.1148 

.9843 

1.0016 

.9961 

1.0014 

.9999 

1.450 

2.028E«>08 

.9747 

1.4341 

206.18 

.2933 

.7012 

.4164 

1.1438 

.9843 

1.0016 

.9960 

1.0014 

.9999 

1.500 

2.013E«'08 

.9750 

1.4334 

204.07 

.2729 

•6868 

.3955 

1.1760 

.9843 

1.0019 

.9958 

1.0014 

.9999 

1.550 

1.996E»08 

.9753 

1.4328 

201.96 

• 2538 

.6725 

.3755 

1.2115 

.9843 

1.0020 

.9957 

1.0013 

.9999 

1.600 

1.975E«^08 

.9756 

1.4322 

199.85 

.2358 

.6584 

.3562 

1.2502 

.9843 

1.0021 

.9955 

1.0013 

1.0000 

1.650 

1.952Efr08 

.9759 

1.4316 

197.74 

.2189 

• 6445 

.3377 

1.2922 

.9844 

1.0022 

• 9954 

1.0012 

1.0000 

1.700 

1.926E«>Q8 

.9762 

1.4311 

195.64 

.2031 

.6307 

.3201 

1.3377 

.9 844 

1.0023 

.9952 

1.0011 

1.0001 

1.750 

1.899E«-08 

.9765 

1.4305 

193.54 

.1883 

.6171 

.3032 

1.3867 

.9844 

1.0023 

.9951 

1.0010 

1.0001 

1.800 

l.d69E«>08 

•9768 

1.4300 

191.45 

.1745 

.6037 

.2871 

1.4393 

.9845 

1.0023 

.9949 

1.0008 

1.0002 

1.650 

1.838E*-08 

.9771 

1.4295 

189.38 

• 1616 

.5906 

.2717 

1.4957 

.9845 

1.0023 

.9948 

1.0007 

1.0003 

1.900 

1.806E«'08 

.9774 

1.4290 

187.31 

.1496 

.5776 

.2571 

1.5560 

.9846 

1.0023 

.9946 

1.0005 

1.0005 

1.950 

1.772Ef08 

.9777 

1.4285 

185.27 

.1384 

.5647 

.2433 

1.6203 

.9846 

1.0023 

.9945 

1.0003 

1.0006 

2.000 

1.737Ef08 

.9780 

1.4280 

183.23 

• 1281 

.5524 

.2301 

1.6888 

.9847 

1.0022 

.9944 

1.0001 

1.0008 



TABLE I* REAL-GAS ISENTRQPIC EXPANSIONS OF NITROGEN 





G. TT * 

150 K 

PT s 6 

ATM 

DT = 19. 

120 KGH/M3 

CONTINUED 




HACH 

RET/M 

Z 

GAMMA 

W 

P/PT 

T/TT 

O/DT 

A/A* 

W 

P/RT 

T/TT 

O/DT 

A/A* 





M/SEC 






-RELATIVE 

TO IDEAL 

GAS VALUES 

0.000 

0. 

.9523 

1.4813 

244.42 

1.0000 

1.0000 

1.0000 

1 

.9790 

l.OOOO 

1.0000 

1.0000 

I 

• 050 

2.253E*07 

.9523 

1.4813 

244.36 

.9983 

.9995 

.9988 

11.5640 

.9790 

1.0000 

1.0000 

1.0000 

.9976 

• 100 

4.4q3E»-07 

.9523 

1.4812 

244.16 

.9931 

.9979 

.9952 

5.8077 

.9790 

l.OOOl 

.9999 

1.0002 

.9976 

• 150 

6.706E^07 

.9523 

1.4609 

243.83 

• 984 3 

.9954 

.9889 

3.9016 

.9789 

• 9999 

.9999 

1.0000 

•9978 

• 200 

8.878Ef07 

.9524 

1.4807 

243.38 

.9724 

.9918 

.9803 

2.9572 

.9788 

.9999 

.9997 

1.0001 

.9979 

• 250 

i.ioie«-o8 

.9524 

1.4803 

242.80 

.9573 

.9873 

.969$ 

2.3979 

,9786 

.9998 

• 9996 

1.0001 

• 99B0 

.300 

I.306E«'08 

.9525 

1.4798 

242.10 

.9393 

• 9818 

.9565 

2.0312 

.9784 

• 9996 

.9994 

1.0002 

.9981 

.350 

1.504E+08 

.9525 

1.4793 

241.28 

.9185 

.9754 

.9415 

1.7749 

.9782 

.9997 

.9993 

1.0002 

.9982 

• 400 

^.6936^08 

.9526 

1.4787 

240.35 

.8952 

.9681 

.9244 

1.5879 

.9780 

.9995 

.9990 

1.0001 

• 9986 

• 450 

1.874Ef08 

.9527 

1.4781 

239.30 

• 6698 

.9599 

.9057 

1.4469 

.9778 

.9994 

• 9968 

1.0002 

• 9986 

• 500 

2. 044 E *-08 

.9528 

1.4773 

238.16 

.8425 

.9510 

• 6854 

1.3385 

.9775 

.9994 

.9986 

1.0002 

.9990 

.550 

2.204E*08 

.9530 

1.4766 

236.91 

• 8136 

.9414 

.8637 

1.2539 

.9773 

.9993 

.9983 

1.0003 

.9992 

• 600 

2.353E+08 

.9531 

1.4757 

235.58 

.7835 

.9310 

• 8408 

1.1874 

.9770 

.9993 

.9981 

1 .0004 

.9993 

.6S0 

2.49lEfr08 

.9533 

1.4748 

234.15 

.7524 

.9201 

.8169 

1.1351 

.9767 

.9994 

.9978 

1.0005 

.9995 

• 700 

2.617E^08 

.9535 

1.4739 

232.65 

.7205 

• 9065 

.7921 

1.0940 

.9765 

.9994 

.9975 

1.0006 

.9996 

.750 

2.731EI-08 

.9537 

1.4729 

231.07 

• 6882 

.8964 

.7666 

1.0622 

.9762 

.9995 

.9973 

1.0008 

.9998 

• 800 

2.834E+08 

.9539 

1.4719 

229.42 

.6558 

.8839 

.7407 

1.0381 

.9760 

• 9996 

.9970 

1.0009 

.9999 

• 650 

2.925E*-08 

.9542 

1.4709 

227.70 

.6234 

.8709 

.7144 

1.0206 

.9758 

.9998 

.9967 

1.0011 

.9999 

• 900 

3.005E*08 

.9545 

1.4698 

225. 93 

.5913 

.8575 

.6879 

1.0088 

.9756 

l.OOOO 

.9965 

1.0013 

1.0000 

• 950 

3.074E*08 

.9548 

1.4687 

224.11 

.5596 

.8439 

.6614 

1.0021 

.9754 

1.0002 

.9962 

1.0014 

1.0000 

1.000 

3.133EI-08 

.9551 

1.4676 

222.24 

. 5285 

.0299 

.6350 

1.0000 

.9752 

1.0005 

.9959 

1.0016 

l.OOOO 

1.050 

3.180E+08 

.9554 

1.4665 

220.34 

.4983 

.8158 

.6087 

1.0021 

• 9750 

1.0007 

.9957 

1.0017 

1.0001 

1.100 

3.219Ef08 

.9558 

1.4654 

210.39 

.4689 

.8015 

.5828 

1.0080 

.9749 

1.0009 

.9954 

1.0019 

1.0001 

1.150 

3.247EfJ8 

.9562 

1.4642 

216.41 

• 4404 

.7870 

.5573 

1.0175 

.9748 

1.0012 

.9952 

1.0020 

1.0000 

1.200 

3.267E«-a8 

.9566 

1.4631 

214.41 

.4131 

.7725 

.5323 

1.0304 

.9747 

1.0015 

.9949 

1.0021 

1.0000 

1.250 

3.279Ef08 

.9570 

1.4620 

212.38 

• 3868 

.7579 

.5079 

1.0467 

.9746 

1.0018 

.9947 

1.0023 

.9999 

1.300 

3.283E«-08 

.9574 

1.4609 

210.33 

.3617 

.7433 

• 4841 

1.0662 

.9745 

1.0021 

.9944 

1.0024 

.9999 

1.350 

3.280E*08 

.9578 

1.4598 

208.27 

.3378 

.7287 

.4610 

1.0888 

.9745 

1.0024 

.9942 

1.0025 

.9999 

1.400 

3.269Ef08 

.9583 

1.4587 

206.20 

.3151 

.7141 

.4386 

1.1147 

.9745 

1.0027 

.9940 

1.0025 

.9998 

1.450 

3.253E«'08 

.9587 

1.4576 

204.12 

.2936 

.6996 

.4169 

1.1437 

.9744 

1.0030 

• 9937 

1.0025 

.9998 

1.500 

3.231E*08 

.9592 

1.4566 

202.03 

.2733 

• 6852 

.3960 

1.1759 

.9745 

1.0032 

.9935 

1.0025 

• 9998 

1.550 

3.204Ef08 

.9596 

1.4555 

199.94 

.2542 

.6709 

.3759 

1.2113 

.9745 

1.0034 

.9933 

1.0025 

.9999 

1.600 

3.l72Et08 

• 9601 

1.4545 

197.06 

• 2362 

.6568 

• 3566 

1.2500 

.9745 

1.0036 

.9931 

1.0024 

.9999 

1.650 

3.136E<-08 

.9606 

1.4535 

195.77 

.2192 

•6426 

.3381 

1.2921 

.9745 

1.0037 

.9928 

1.0023 

1.0000 

1.700 

3.096E+08 

• 9611 

1.4526 

193.69 

.2034 

.6290 

.3204 

1.3376 

.9746 

1.0039 

• 9926 

1.0021 

1.0001 

1.750 

3.052E^08 

.9615 

1.4516 

191.62 

• 1886 

.6154 

.3035 

1.3867 

.9747 

1.0039 

.9924 

1.0019 

1.0002 

1.800 

3.006E»08 

.9620 

1.4507 

109.56 

.1748 

.6020 

.2873 

1.4394 

.9747 

1.0040 

.9921 

1.0017 

1.0004 

1.850 

2.956E<-08 

.9625 

1.4499 

187.51 

.1619 

.5809 

.2720 

1.4959 

• 9748 

1.0040 

.9919 

1.0015 

1.0005 

1.900 

2.905E *-08 

.9629 

1.4490 

185.47 

.1499 

.5759 

.2573 

1.5563 

.9749 

1.0039 

.9917 

1.0012 

1.0007 

1.950 

2.851E*08 

.9634 

1.4482 

183.45 

.1387 

.5632 

.2434 

1.6207 

.9750 

1.0038 

.9914 

i.0008 

I.OOID 

2.000 

2.795E*-08 

.9639 

1.4474 

181.44 

• 1283 

.5507 

.2302 

1.6894 

.9751 

1.0037 

.9912 

1.0005 

1.0013 


CT^ 

La) 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




G. 

TT = 

150 K 

PT * 10 

ATM 

OT = 24. 

212 KGM/M3 

CONTINUED - 




MACH 

REY/M 

Z 

GAMMA 

H 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ A* 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

D/OT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9400 

1.5052 

243. X3 

1.0000 

1.0000 

1.0000 

I 

.9739 

l.COOO 

1.0000 

1.0000 

I 

.050 

2.811E^07 

.9400 

1.5051 

243. 06 

.9983 

.9995 

.9988 

11.5551 

.9738 

1.0000 

1.0000 

x.oooo 

.9969 

• 100 

5.604EI-07 

.9400 

1.5050 

242.86 

.9932 

.9979 

.9952 

5.3037 

.9738 

X.OOOl 

.9999 

1.0002 

.9968 

.150 

8.364E*^07 

.9401 

1.5047 

242.53 

.9843 

.9953 

.9889 

3.8988 

.9737 

.9999 

.9998 

1.0001 

.9971 

.200 

X.X07E*08 

.9401 

X.5043 

242.07 

.9724 

.9918 

.9804 

2.9551 

.9735 

.9999 

.9997 

x.ooox 

.9972 

.250 

1.372Efr08 

.9401 

1.5039 

241.48 

.9573 

.9872 

.9696 

2,3963 

.9733 

.9998 

.9995 

1.0002 

.9973 

.300 

1.628E4-08 

.9402 

1.5033 

240.77 

• 9391 

.9816 

.9564 

2.0303 

.9731 

.9996 

.9993 

l.OOOl 

.9977 

.350 

1.876E«'08 

.9403 

1.5026 

239.94 

.9X83 

.9752 

.9414 

1.7742 

.9728 

.9994 

.9991 

x.ooox 

.9979 

.400 

2.112E«‘08 

.9404 

1.5019 

238.99 

.8950 

.9678 

.9244 

1.5872 

.9725 

.9993 

• 9988 

1.0002 

.9982 

.450 

2.338Efr08 

.9405 

1.5010 

237.93 

.8696 

.9597 

.9057 

1.4464 

.9722 

.9992 

.9985 

1.0002 

.9984 

.500 

2.551Ef08 

.9406 

1.5001 

236.77 

.8423 

.9507 

.8 854 

1.3381 

.9718 

.9992 

.9982 

1.0003 

.9987 

.550 

2.751E<-08 

.9408 

1.4991 

235.51 

.8134 

.9410 

.6638 

1.2536 

.9715 

.9991 

.9979 

1.0004 

.9989 

.600 

2.937EV08 

.9409 

1.4981 

234.16 

.7833 

.9306 

.8409 

1.1872 

.9711 

.9991 

.9976 

1.0005 

.9991 

• 650 

3.109E*08 

.9411 

1.4969 

232.73 

.7522 

.9196 

.8X70 

X.X349 

.9708 

.9991 

.9973 

1.0007 

.9994 

.700 

3.267E*^08 

.9413 

1.4958 

23X.2X 

.7204 

.9080 

.7923 

1.0939 

.9704 

.9992 

.9969 

1.0009 

.9995 

.750 

3.410E^08 

• 9416 

1.4945 

229.62 

.6881 

.8958 

.7669 

1.0621 

.9701 

.9993 

.9966 

l.OOll 

.9997 

.800 

3.539E«-08 

.94X9 

1.4932 

227.96 

.6557 

.8832 

.7409 

1.0380 

.9698 

.9995 

.9963 

1.0013 

.9998 

.850 

3.654E^08 

.9422 

1.4919 

226.24 

.6233 

• 8702 

.7147 

1.0206 

.9695 

.9997 

• 9959 

1.0015 

.9999 

.900 

3.755E4-08 

.9425 

1.4905 

224.46 

.5912 

.8568 

• 6862 

1.0086 

.9692 

.9999 

.9956 

1.0017 

1.0000 

.950 

3.842E*08 

.9428 

1.4892 

222.64 

.5596 

.8431 

.6617 

1.0021 

.9689 

1.0002 

• 9953 

1.0020 

1.0000 

1.000 

3.916Efr08 

.9432 

1.4877 

220.77 

.5286 

.8292 

.6353 

1.0000 

.9687 

1.0006 

.9950 

1.0022 

1.0000 

1.050 

3.976E»08 

.9436 

1.4863 

218.86 

.4983 

.8150 

.6091 

1.0020 

.9685 

1.0009 

.9947 

1.0024 

l.OOOO 

1.100 

4.025E*08 

.9441 

1.4849 

216.91 

• 4690 

• 8006 

.5833 

1.0079 

.9683 

1.0013 

.9944 

1.0027 

.9999 

1.150 

4.062E«-0e 

.9445 

1.4834 

214.94 

.4406 

.7861 

.5578 

1.0173 

.9681 

1.0017 

.9941 

1.0029 

.9999 

1.200 

4.088E*-08 

.9450 

1.4820 

212.94 

.4132 

.7716 

.5328 

1.0303 

.9680 

1.0021 

.9938 

1.0031 

.9998 

1.250 

4.104E«^06 

.9455 

1.4805 

210.92 

.3870 

.7569 

.5084 

1.0465 

.9679 

1.0025 

.9935 

1.0033 

.9998 

1.300 

4.109E^08 

.9460 

1.4791 

208.88 

• 3619 

• 7423 

.4845 

1.0662 

.9678 

1.0027 

.9932 

1.0032 

.9999 

1.350 

4.105Ef08 

.9465 

1.4777 

206.83 

.3380 

.7277 

.4613 

1.0889 

.9677 

1.0031 

.9929 

1.0033 

.9999 

1.400 

4.094Ef08 

.9471 

1.4763 

204.77 

.3153 

.7131 

.4389 

1.1147 

.9677 

1.0035 

• 9926 

1.0034 

• 9998 

1.450 

4.074E^08 

.9476 

1 .4749 

202.70 

.2938 

.6986 

.4173 

1.1437 

.9677 

1.0038 

.9923 

1.0035 

.9998 

1.500 

4.048E «-08 

.9482 

1.4735 

200.63 

.2735 

.6842 

.3964 

1.1759 

.96 77 

1.0041 

.9920 

1.0035 

• 9998 

1.550 

4.014E4-08 

.9488 

1.4722 

198.55 

.2544 

.6699 

.3762 

1.2113 

• 9677 

1.0044 

.9918 

1.0034 

.9998 

1.600 

3.975E^08 

.9494 

1.4709 

196.48 

.2364 

.6557 

.3569 

1.2501 

.9677 

1.0046 

.9915 

1.0033 

.9999 

1.650 

3.931E^08 

.9499 

1.4696 

194.41 

.2195 

• 6416 

.3384 

1.2922 

.9678 

1.0048 

.9912 

1.0032 

1.0000 

1.700 

3.881E*08 

.9505 

1.4684 

192.35 

.2036 

•6280 

.3207 

1.3377 

.9679 

1.0050 

.9909 

1.0030 

1.0001 

1.750 

3.827E4-08 

.9511 

1.4672 

190.30 

• 1888 

.6143 

.3037 

1.3868 

.9679 

1.0051 

.9906 

1.0028 

1.0002 

1.800 

3.770E*-08 

.9517 

1.4660 

188.25 

.1749 

.6009 

.2875 

1.4396 

.9680 

1.0051 

.9903 

1.0025 

1.0004 

1.850 

3.708E*08 

.9523 

1.4649 

186.22 

.1620 

.5877 

.2721 

1.4961 

.9681 

1.0051 

.9900 

1.0022 

1.0007 

1.900 

3.644Efr08 

.9529 

1.4638 

184.20 

• 1500 

.5748 

.2575 

1.5567 

.9682 

1.0051 

.9898 

1.0018 

1.0009 

1.9 50 

3.577E*“08 

.9535 

1.4627 

182.20 

• 1368 

.5620 

• 2435 

1.6212 

.9683 

1.0050 

.9895 

1.0014 

1.0012 

2.000 

3.508E*08 

.9540 

1.4617 

180.21 

.1284 

.5495 

.2303 

1.6901 

.96 84 

1.0048 

.9892 

1.0009 

1.0016 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS Of NITROGEN 





G. TT » 

150 K 

PT * 15 

ATM 

OT = 37. 

570 KGM/M3 

continued 




MACH 

REY/M 

1 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

D/OT 

A/A4 

w 

P/PT 

'RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES' 

A/A* 

0.000 

0. 

.9087 

1.5726 

239.95 

1.0000 

1.0000 

l.OOuu 

I 

.9611 

l.OJOO 

1.0000 

1.0000 

1 

• 050 

4.200E»07 

.9087 

1.5725 

239.88 

.9983 

.9995 

.9988 

11.5244 

.9611 

l.OOOU 

1 .0000 

1.0001 

.9942 

.100 

8.374Efr07 

.9087 

1.5723 

239.67 

.9930 

.9979 

.9951 

5.7891 

.9610 

.9999 

.9999 

1.0001 

.9944 

• 150 

1.25UE»Oe 

.9087 

1.5719 

239.32 

.9843 

.9953 

.9890 

3.8889 

• 9608 

.9999 

.9997 

1.0001 

.9945 

• 200 

l.ESSEt-oe 

.9087 

1.5713 

238.83 

.9721 

.9916 

.9803 

2.9483 

.9605 

.9996 

.9995 

l.OOOl 

.9949 

.250 

2.050E«'08 

• 9088 

1.5706 

238.21 

.9569 

.9869 

.9695 

2.3912 

• 9601 

.9994 

.9993 

1.0001 

.9952 

• 300 

2.434EI-08 

.9088 

1.5698 

237.46 

.9387 

.9813 

.9565 

2.0261 

.9597 

.9992 

.9990 

1.0001 

.9956 

.350 

2.804E«^08 

.9089 

1.5688 

236.59 

.9179 

.9747 

.9415 

1.7709 

.9592 

.9990 

.9986 

1.0002 

.9960 

.400 

3.Z58EKJ8 

.9089 

1.5676 

235.60 

.8945 

.9673 

.9246 

1.5845 

.9587 

.9988 

.9982 

1.0003 

.9964 

.450 

3.496E^08 

.9090 

1.5664 

234.50 

.8691 

.9590 

.9059 

1.4442 

.9581 

.9986 

.9978 

1.0005 

.9969 

.500 

3.814E^08 

.9091 

1.5649 

233.29 

• 8416 

.9499 

.8856 

1.3365 

.9575 

.9983 

.9974 

1.0005 

.9975 

.550 

4.114E*08 

.9093 

1.5634 

231.99 

. 8127 

.9400 

.8640 

1.2524 

.9569 

.9982 

.9969 

1.0007 

.9980 

• 600 

4.393Efr0e 

.9095 

1.5618 

230.59 

.7825 

.9295 

.8412 

1.1863 

.9563 

.9981 

.9964 

1.0009 

.9984 

.650 

4.6S2E«’08 

.9097 

1.5600 

229.11 

.7514 

.9184 

.8174 

1.1342 

.9557 

.9981 

.9960 

1.0011 

.9988 

.700 

4. 8906^08 

.9099 

1.5582 

227.55 

.7197 

.9066 

.7927 

1.0934 

.9551 

.9982 

.9955 

1.0014 

.9991 

.750 

5.106Efr08 

.9102 

1.5562 

225.93 

.6875 

.8944 

.7674 

1.0618 

.9545 

.5984 

.9950 

1.0018 

.9994 

.800 

5.301E^08 

.9105 

1.5542 

224.23 

.6551 

.8817 

.7416 

1.0376 

.9539 

.9986 

.9945 

1.0021 

.9996 

.850 

5.475E*08 

.9109 

1.5521 

222.49 

.6229 

• 8686 

.7154 

1.0205 

.9534 

.9990 

.9941 

1.0025 

.9998 

.900 

5.629E*‘08 

.9113 

1.5500 

220.69 

.5909 

.8551 

• 6891 

1.0088 

.9529 

.9994 

.9936 

1.0029 

.9999 

.950 

5.762E«^08 

.9117 

1.5478 

218.64 

.5594 

.8413 

.6627 

1.0021 

.9524 

.9998 

.9932 

1.0033 

1.0000 

1.000 

5.875E»08 

.9122 

1.5456 

216.96 

.5285 

.8273 

.6363 

1.0000 

.9520 

1.0004 

.9927 

1.0038 

1.0000 

1*050 

5.970E»08 

.9128 

1.5433 

215.04 

.4983 

• 8130 

• 6102 

1.0020 

.9516 

1.0009 

.9923 

1.0042 

1.0000 

1.100 

6.045E4'08 

.9134 

1.5410 

213.10 

.4691 

.7986 

.5844 

1.0079 

.9513 

1.0015 

.9919 

1.0045 

1.0000 

1.150 

6.104E+08 

.9140 

1.5387 

211.13 

.4408 

.7841 

.5590 

1.0174 

.9510 

1.0021 

.9915 

1.0049 

.9999 

1.200 

6.147Efr08 

.9146 

1.5363 

209.14 

.4136 

.7695 

.5340 

1.0302 

.9507 

1.0028 

.9911 

1.0053 

.9998 

1.250 

6.174E^08 

.9153 

1.5340 

207.13 

.3875 

.7548 

• 5096 

1.0464 

.9505 

1.U035 

.9907 

1.0056 

.9997 

1.300 

6.186E«'06 

.9160 

1.5317 

205.11 

.3625 

.7401 

.4858 

1.0658 

.9503 

1.0042 

.9903 

1.0059 

.9996 

1.350 

6.185E^08 

.9168 

1.5294 

203.09 

.3387 

.7255 

.4627 

1.0884 

.9502 

1.0048 

.9899 

1.0062 

.9995 

1.400 

6.17lEt08 

.9176 

1.5271 

201.05 

• 3160 

.7109 

.4403 

1.1142 

.9501 

1.0055 

.9895 

1.0064 

.9994 

1.450 

6.145E*08 

.9184 

1.5249 

199.01 

.2945 

.6963 

.4186 

1.1432 

.9501 

1.0061 

.9891 

1.0065 

• 9994 

1.500 

6.108Et08 

.9192 

1.5226 

196.97 

.2743 

.6819 

.3976 

1.1753 

.9500 

1.0066 

.9887 

1.0065 

.9993 

1.550 

6.061E4^08 

.9200 

1.5204 

194.93 

.2551 

.6676 

.3774 

1.2107 

.9500 

1.0071 

.9883 

1.0065 

.9993 

1.600 

6.005E«^08 

.9209 

1.5183 

192.90 

.2371 

.6534 

.3581 

1.2494 

.9501 

1.0075 

• 9879 

1 .0064 

.9994 

1.650 

5.941E*08 

.9218 

1.5162 

190.87 

.2202 

.6394 

.3395 

1.2915 

.9501 

1.0079 

.9875 

1.0062 

• 9995 

1.700 

5.869E^0a 

.9226 

1.5142 

188.85 

.2043 

.6255 

.3217 

1.3370 

.9502 

1.0062 

.9871 

1.0060 

.9997 

1.750 

5.790E«'08 

.9235 

1.5122 

166.64 

.1894 

.6119 

.3046 

1.3862 

.9503 

1.0084 

• 9666 

1.0057 

.9999 

1.800 

5.705E^18 

.9244 

1.5102 

184.84 

.1756 

.5985 

• 2884 

1.4391 

.9505 

1.0085 

• 9862 

1.0053 

1.0002 

1.850 

5.615E^08 

.9253 

1.5083 

182.86 

• 16 26 

.5852 

.2729 

1.4958 

.9506 

1.0065 

.9858 

1.0048 

1.0005 

1.900 

5.519E»08 

.9261 

1.5065 

160.88 

• 1505 

.5723 

.2581 

1.5565 

.9507 

1.U085 

.9854 

1.0042 

1.0009 


KJ\ 
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TABLE I. REAL*6AS ISENTROPIC EXPANSIONS OF NITROGEN 




G. 

TT * 

150 K 

PT » 20 

ATM 

OT - 51. 

941 KGM/H3 

CONTINUED 




MACH 

REY/H 

L 

GAMMA 

M 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 





RELATIVE 

TO IDEAL 

GAS VALUES- 

— 

0.000 

0. 

.0764 

1.6537 

236.67 

1.0000 

1.0000 

1.0000 

I 

.9488 

1.0000 

1.0000 

1.0000 

I 

*050 

5.591E*07 

• 6764 

1.6536 

236.80 

.9963 

.9995 

.9986 

11.4846 

.9488 

1.0000 

1.0000 

1.0001 

• 9908 

• 100 

1.115E«^0e 

• 6764 

1.6533 

236.57 

• 9929 

.9978 

.9951 

5.7696 

• 9486 

.9999 

.9998 

1.0001 

• 9910 

.150 

1.664E»08 

• 6763 

1.6528 

236.20 

.9861 

.9952 

.9889 

3.8766 

.9482 

.9996 

.9996 

1.0001 

.9914 

.200 

2.203Ef08 

• 6763 

1.6521 

235.68 

.9719 

•9914 

.9804 

2.9392 

.9478 

.9994 

.9994 

1.0001 

.9918 

• 250 

2.729E»08 

.6763 

1.6512 

235.01 

.9566 

.9867 

• 9696 

2.3842 

.9472 

.9991 

.9990 

1.0002 

.9923 

• 300 

3.240E«'08 

.6762 

1.6501 

234.21 

• 9383 

•9810 

.9567 

2.0206 

• 9466 

.9987 

.9986 

1.0003 

.9929 

.350 

3.732E^08 

•6762 

1.6487 

233.29 

.9171 

.9743 

• 9415 

1.7668 

.9458 

.9982 

.9981 

1.0002 

.9937 

• 400 

4.204E«^08 

.6762 

1.6672 

232.24 

.8937 

.9667 

.9246 

1.5813 

.9450 

.9978 

• 9976 

1 .0004 

.9944 

.450 

4.653E4‘0e 

• 8762 

1.6455 

231.07 

.8681 

.9583 

• 9060 

1.4417 

.9441 

.9975 

.9971 

1.0006 

.9952 

.500 

5.079E«'08 

.8763 

1.6637 

229.80 

.8607 

.9491 

.8859 

1.3343 

• 9432 

.9972 

.9965 

1.0008 

.9959 

.550 

5.4786^08 

.8764 

1.6416 

228.43 

.8117 

.9391 

.8644 

1.2507 

.9423 

.9970 

.9959 

1.0011 

.9966 

.600 

5.852E4‘08 

.6765 

1.6395 

226.97 

.7815 

.9285 

.8417 

1.1850 

.9413 

.9969 

.9953 

1.0014 

.9973 

• 650 

6.197E«-08 

.8766 

1.6371 

225.43 

.7505 

.9172 

• 8180 

1.1332 

.9403 

.9968 

.9947 

1.0019 

.9979 

.700 

6.516E»0S 

.8768 

1.6346 

223.81 

.7187 

.9054 

.7934 

1.0926 

.9394 

.9969 

.9941 

1.0023 

• 9984 

.750 

6.806E«-08 

.0771 

1.6320 

222.13 

.6666 

• 8931 

.7682 

1.0612 

.9385 

.9972 

.9935 

1.0029 

.9989 

• 800 

7.06864-08 

.8774 

1.6293 

220.39 

• 6544 

• 8803 

.7426 

1.0374 

.9376 

.9975 

.9929 

1.0035 

.9992 

.650 

7.301E4-08 

.8778 

1.6264 

218.60 

• 6222 

.8671 

.7164 

1.0204 

.9367 

.9978 

.9923 

1.0039 

.9997 

• 900 

7. 50864^08 

.8782 

1.6234 

216.76 

.5903 

.8535 

• 6902 

1.0088 

.9359 

.9983 

.9918 

1.0045 

.9999 

.950 

7.689E4-08 

.8787 

1.6203 

214.89 

• 5589 

.8397 

.6639 

1.0022 

.9352 

.9990 

.9912 

1.0052 

1.0000 

1.000 

7.8446 4^08 

.0792 

1.6172 

212.98 

• 5262 

• 8256 

.6377 

1.0001 

.9345 

.9990 

.9907 

1.0059 

1.0001 

1.050 

7.97464-08 

• 8798 

1.6140 

211.04 

• 4982 

• 8113 

.6117 

1.0020 

.9339 

1.0006 

.9902 

1.0066 

1.0000 

1.100 

8. 08064-08 

• 8805 

1.6108 

209.09 

.4691 

.7969 

.5060 

1.0078 

.9334 

1.0016 

.9897 

1.0073 

.9999 

1.150 

8.16364-08 

• 8812 

1.6075 

207.11 

.4410 

.7823 

• 5606 

1.0172 

.9329 

1.0026 

.9892 

1.0080 

.9998 

1.200 

8.22464-08 

.8820 

1.6042 

205.12 

.4139 

.7677 

.5357 

1.0300 

.9325 

1.0036 

.9887 

1.0086 

• 9996 

1.250 

8.26564^08 

.8828 

1.6008 

203.12 

.3879 

.7530 

.5114 

1.0461 

.9321 

1.0046 

.9682 

1.0092 

.9994 

1.300 

8.28664-08 

.8037 

1.5975 

201.11 

• 3630 

.7383 

.4876 

1.0655 

.9318 

1.0057 

.9878 

1.0097 

.9992 

1.350 

8.28964-08 

.8847 

1.5942 

199.10 

.3393 

.7236 

.4645 

1.0880 

.9316 

1.0067 

.9873 

1.0101 

• 9991 

1.400 

8.27464-08 

.8856 

1.5909 

197.09 

.3167 

.7089 

.4420 

1.1136 

.9314 

1.0077 

• 9860 

1.0105 

.9989 

1.450 

8.24464-08 

.8867 

1.5076 

195.07 

.2953 

.6944 

.4203 

1.1425 

.9313 

1.0086 

.9863 

1.0107 

.9988 

1.500 

8.19964-08 

.8877 

1.5843 

193.07 

.2750 

.6799 

.3993 

1.1745 

.9312 

1.0095 

.9850 

1.0109 

.9987 

1.550 

0.14164-08 

• 0888 

1.5011 

191.06 

.2559 

• 6656 

.3791 

1.2099 

.9312 

1.0102 

.9054 

1.0110 

.9906 

1.600 

8.0706 4-08 

.8899 

1.5779 

189.06 

• 2379 

.6514 

.3596 

1.2485 

.9312 

1.0X09 

.9849 

1.0109 

.9987 

1.6 50 

7.98764-08 

.8910 

1.5748 

187.08 

.2209 

.6373 

.3410 

1.2906 

.9313 

1.0115 

.9843 

1.0107 

.9988 

1.700 

7. 89564^08 

.8922 

1.5718 

185.10 

• 2050 

.6235 

.3231 

1.3361 

.9314 

1.0120 

.9038 

1.0104 

.9990 

1.750 

7.79264-08 

.8933 

1.5600 

183.13 

• 1902 

.6098 

.3059 

1.3853 

.9315 

1.0123 

.9833 

1.0100 

.9992 


TABte I. REAL-GAS ISENTROPIC EXPANSIONS OE NITROGEN 





G. TT = 

150 K 

PT = 25 

ATM 

OT = 67. 

499 KGM/M3 

CONTI NUEO 




MACH 

REY/M 

1 

GAMMA 

M/SEC 

P/PT 

T/TT 

O/OT 

A /A* 

W 

P/PT 
■RELATi V£ 

T/TT 
TO IDEAL 

D/OT 

GAS VALUES' 

A/A* 

0.000 

0. 

.8430 

1.7524 

233.96 

l-OOOO 

1.0000 

1.0000 

1 

.9372 

1.0000 

1.0000 

1.0000 

1 

•pso 

6.991E4-07 

.8430 

1.7523 

233.88 

.9903 

.9995 

.9989 

11.4341 

.9371 

1.0030 

l.OOOO 

1.0001 

• 9664 

• 100 

1.394EI-08 

.8429 

1.7520 

233.63 

.9929 

.9978 

.9952 

5.7444 

.9368 

.9999 

.9998 

1.0001 

.9867 

.150 

2.081E*-08 

.8428 

1.7514 

233.22 

-9839 

.9951 

.9889 

3.8605 

.9363 

.9995 

.9995 

1.0001 

.9873 

.200 

2.755E+08 

.8427 

1.7506 

232.66 

.9716 

.9913 

.9005 

2.9275 

.9356 

.9991 

.9992 

1.0002 

.9878 

.250 

3.412E*'08 

.8426 

1.7495 

231.94 

.9560 

.9864 

.9696 

2.3757 

.9340 

.9984 

.9988 

1.0001 

.9808 

.300 

4.O51EI-O0 

.8424 

1.7483 

231.07 

. 9375 

• 9806 

.9566 

2.0140 

.9339 

.9979 

.9983 

1.0003 

.9897 

.350 

4.666E*-08 

.8423 

1.7460 

230.07 

.9163 

.9738 

.9417 

1.7614 

.9328 

.9973 

.9977 

1.0004 

.9907 

.400 

5.256E<-08 

.8422 

1.7451 

228.94 

. 0927 

.9661 

.9240 

1.577J 

.9316 

.9967 

.9971 

1.0006 

.9917 

.450 

5.813E«-08 

.8420 

1.7431 

227.69 

.8669 

.9576 

.9063 

1.4383 

.9303 

.9962 

.9964 

1.0009 

.9928 

.500 

6.349E<-08 

-8419 

1.7409 

226.33 

.8392 

.9483 

• 8861 

1.3319 

.9290 

.9955 

.9957 

l.OOll 

.9941 

.550 

6.849E<'08 

• 8419 

1.7385 

224.87 

.8102 

.9382 

.8647 

1.2488 

.9276 

.9951 

.9950 

1.0015 

.9951 

.600 

7.316E^08 

.8416 

1.7359 

223.32 

.7800 

.9275 

.8422 

1.1836 

.9262 

.9949 

.9943 

1.0020 

.9961 

.650 

7.750E^Q8 

.8418 

1.7331 

221.69 

.7489 

.9161 

• 8186 

1.1322 

.9248 

.9948 

.9935 

1.0026 

.9970 

.700 

8.149E^08 

.8419 

1.7301 

220.00 

.7172 

.9042 

.7942 

1.0920 

.9234 

.9949 

.9928 

1.0033 

.9978 

.750 

8.513E*08 

.8420 

1.7268 

218.24 

.6852 

• 8918 

.7692 

1.0608 

• 9220 

.9951 

.9921 

1.0041 

.9985 

.800 

8.043E«‘O8 

.8423 

1.7234 

216.43 

.6531 

.8790 

.7437 

1.0373 

.9207 

.9955 

.9915 

1.0050 

.9991 

.850 

9.140E+08 

.8425 

1.7199 

214.57 

.6211 

.8657 

.7178 

1.0202 

.9195 

.9961 

.9908 

1.0059 

.9995 

.900 

9.402Et08 

• 8429 

1.7162 

212.68 

.5894 

.8521 

.6918 

1.0087 

.9183 

.9969 

• 9902 

1.0069 

• 9998 

.950 

9. 63264^08 

.8433 

1.7123 

210.75 

-5583 

.8303 

.6657 

1.0021 

.9172 

• 9978 

• 9896 

1.0079 

1.0000 

1.000 

9.830E4-08 

.8439 

1.7083 

208.80 

.5277 

.8242 

.6396 

1.0000 

.9162 

.9989 

• 9890 

1.0090 

1.0000 

1.050 

9.997E4‘08 

.8445 

1.7041 

206.83 

-4979 

.8099 

.6138 

1.0020 

.9153 

1.0001 

.9884 

I.OIOI 

.9999 

1.100 

1.013E4'09 

• 8451 

1.6999 

204.85 

.4690 

.7954 

.5882 

1.0077 

.9145 

1.0015 

.9879 

l.OIll 

.9998 

1.150 

l.024E*‘09 

.8459 

1.6956 

202.86 

.4411 

.7808 

.5629 

1.0170 

.9137 

1.0029 

.9874 

1.0122 

.9996 

1.200 

1.033E*09 

• 8468 

1.6912 

200.86 

• 41A2 

.7662 

.5381 

1.0297 

• 9131 

1.0043 

• 9869 

1.0132 

.9993 

1.250 

1.038Ef09 

.8477 

1.6867 

196.85 

.3883 

.7515 

.5138 

1.0457 

.9125 

1.0058 

• 9864 

1.0141 

.9990 

1.300 

1.042E4-09 

.8487 

1.6822 

196.85 

• 3636 

.7368 

• 4901 

1.0649 

• 9121 

1.0073 

• 9858 

1.0149 

.9987 

1.350 

1.042E4-09 

• 8498 

1.6777 

194.85 

.3399 

.7221 

.4669 

1.0874 

.9117 

1.0086 

.9853 

1.0155 

• 9986 

1.400 

1.041E+09 

.8509 

1.6731 

192.85 

• 3174 

.7075 

• 4445 

1.U30 

.9114 

1.0100 

.9846 

1.0161 

• 9983 

1.450 

l.038E4>09 

.8521 

1.6686 

190.86 

.2961 

.6929 

.4227 

1.1417 

.9112 

1.0U4 

• 9643 

1.0166 

.9980 

1.500 

1 • 033 E 4^09 

.8533 

1.6641 

188.88 

.2759 

.6785 

.4017 

1.1736 

• 9110 

1.0127 

.9837 

1.0170 

.9978 

1.550 

1.026£#^09 

•8546 

1.6596 

186.91 

.2568 

.6641 

.3814 

1.2087 

.9109 

1.0139 

.9832 

1.0172 

.9977 

1.600 

1.013E*09 

.8559 

1.6552 

184.94 

.2388 

.6499 

.3619 

1.2473 

.9109 

1.0149 

• 9826 

1.0172 

.9977 


ON 

-3 


c^ 

00 


table 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





G. TT = 

150 K 

PT * 30 

ATM 

OT = 84. 

460 KGM/M3 

CONCLUDED 




MACH 

REY/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

D/OT 

A/ A* 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

D/OT 

GAS VALUES- 

A/ A* 

0.000 

0. 

.8084 

1.0740 

231.29 

1.0000 

1 .0000 

1.0000 

I 

.9265 

l.COOO 

1.0000 

1.0000 

1 

.050 

8.411E+07 

• 8084 

1.8739 

231.20 

.9983 

.9995 

.9989 

11.3670 

.9263 

1.0000 

1 .0000 

1.0001 

.9806 

• 100 

l.677E*-08 

• 8083 

1.0736 

230.93 

.9927 

.9978 

.9952 

5.7121 

.9259 

.9997 

.9998 

1.0001 

.9811 

.150 

2.503E+08 

.8081 

1.8731 

230.47 

.9836 

• 9950 

• 9890 

3.6391 

.9253 

.9992 

.9995 

1.0002 

• 9618 

.200 

3.313EI-08 

.8079 

1.8724 

229.84 

.9710 

.9911 

• 9804 

2.9125 

.9243 

.9985 

.9990 

1.0001 

.9826 

.250 

4.104E«-08 

.8076 

1.0714 

229.05 

.9553 

.9862 

.9697 

2.3640 

.9232 

.9977 

• 9985 

1.0002 

.9839 

• 300 

4.871E«-08 

.8073 

1.8703 

228.09 

.9365 

.9803 

• 9568 

2.0049 

.9218 

.9969 

.9979 

1.0004 

.9852 

.350 

5.610E4-08 

.8070 

1.8689 

226.99 

.9150 

.9734 

.9417 

1.7544 

.9203 

.9958 

.9972 

1.0005 

.9867 

• AOO 

6.319E*-08 

.8066 

1.8672 

225.75 

.8911 

.9656 

.9250 

1.5715 

.9186 

.9949 

.9965 

1.0008 

.9683 

.450 

6.994E<-08 

• 8062 

1.8654 

224.39 

.8651 

.9569 

.9065 

1.4339 

.9168 

.9941 

.9957 

1.0011 

• 9898 

.500 

7.632EfO0 

.8059 

1.8632 

222.92 

.8374 

• 9475 

• 8666 

1.3283 

.9150 

.9933 

.9949 

1.0016 

.9914 

.550 

8.233Ef08 

.8056 

1.6608 

221.34 

• 8083 

.9374 

.8653 

1.2460 

.9130 

.9927 

.9941 

1.0022 

.9929 

• 600 

8. 7956^08 

.8053 

1.8562 

219.68 

.7780 

.9265 

.8429 

1.1614 

.9111 

.9923 

•9933 

1.0030 

.9943 

.650 

9.316E«-08 

.8051 

1.8553 

217.94 

.7469 

.9151 

• 8196 

1.1306 

.9091 

.9921 

.9925 

1.0038 

.9956 

.700 

9.796Ef08 

.8049 

1.8520 

216. 13 

.7151 

.9031 

.7953 

1.0909 

.9071 

.9920 

.9917 

1.0047 

.9969 

.750 

1.024E<'09 

.8049 

1.8485 

214.27 

• 6832 

.8907 

.7705 

1.0601 

.9053 

.9922 

.9909 

1.0058 

.9978 

• 800 

1.063£<‘09 

.8049 

1.8448 

212.36 

.6513 

.8778 

.7452 

1.0368 

.9034 

.9927 

.9902 

1.0070 

.9986 

• 850 

1.099E+09 

.8050 

1.0408 

210.41 

.6194 

• 6646 

.7196 

1.0199 

.9017 

.9935 

.9895 

1.0083 

.9993 

.900 

1.13lEf09 

.8052 

1.0365 

208.44 

• 5680 

.8510 

.6938 

1.0085 

.9000 

.9945 

• 9889 

1.0098 

.9997 

.950 

1.159E^09 

.8055 

1.8321 

206.44 

.5571 

• 8371 

• 6679 

1.0021 

.8985 

.9957 

.9882 

1.0113 

.9999 

1.000 

1.183Ef09 

.8059 

1.8273 

204.43 

• 5268 

.8231 

.6421 

1.0000 

.8970 

.9972 

.9877 

1.0126 

1.0000 

1.050 

1.204E+09 

.8064 

1.8224 

202.41 

.4973 

• 8080 

• 6164 

1.0019 

.8957 

.9988 

.9871 

1.0144 

.9999 

1.100 

1.221E««09 

.8070 

1.8173 

200.38 

• 4666 

.7944 

.5910 

1.0076 

.8945 

1.0006 

• 9866 

1.0160 

.9997 

1.150 

1.235E*09 

.8077 

1.6120 

198.36 

.4409 

.7798 

.5659 

1.0168 

.8934 

1.0025 

.9861 

1.0175 

.9994 

1.200 

1.245E4>09 

• 8086 

1.8065 

196.33 

.4142 

.7652 

.5412 

1.0294 

.8925 

1.0045 

• 9856 

1.0190 

.9990 

1.250 

l.253E«^09 

.8095 

1.8009 

194.31 

• 3886 

.7506 

.5170 

1.0452 

.8917 

1.006$ 

• 9851 

1.0204 

.9905 

1.300 

1.258E«^09 

• 8105 

1.7951 

192.30 

• 3640 

.7359 

.4934 

1.0642 

.8910 

1.0086 

.9847 

1.0217 

.9980 

1.350 

l.259E«‘09 

• 8116 

1.7893 

190.29 

.3406 

.7213 

.4703 

1.0863 

.8904 

1.C107 

• 9642 

1.0229 

.9975 

1.400 

1.259Ef09 

.8129 

1.7834 

168.30 

.3182 

.7067 

.4479 

1.1116 

.8899 

1.0128 

•9837 

1.0240 

.9970 

1.450 

1.256E«’09 

.8142 

1.7774 

166.33 

.2970 

.6921 

.4261 

1.1401 

.8895 

1.0147 

.9832 

1.0246 

• 9966 

l.SOO 

1.250E^09 

.8155 

1.7714 

104.37 

.2769 

.6777 

.4051 

1.1717 

.8893 

1.0166 

• 9826 

1.0255 

• 9962 



TABLE I. REAL*GAS ISENTROPIC EXPANSIONS OF NITROGEN 





H. 

TT . 175 

K PT 

« 1 ATM 

OT 

= 1.958 

KGN/M3 





HACH 

REY/M 

1 

GAHMA 

W 

P/PT 

T/TT 

O/OT 

A/A« 

W 

P/PT 

T/TT 

0/DT 

A/A« 





M/SEC 





RELATIVE 

TO IDEAL 

GAS VALUES 

0.000 

0. 

.9965 

1.4064 

269.32 

1.0000 

1.0000 

1.0000 

I 

.9987 

1.0000 

1.0000 

1.0000 

1 

• 050 

2.292E»06 

.9965 

1.4064 

269.25 

.9983 

.9995 

• 9988 

11.5882 

.9987 

1.0000 

1.0000 

1.0000 

.9997 

• 100 

4.570E+06 

.9965 

1.4063 

269.04 

. 9930 

.9980 

.9950 

5.6202 

• 9987 

1.0000 

1.0000 

1.0000 

.9997 

.150 

6.820E«‘06 

.9965 

1.4063 

268.71 

.9044 

.9955 

• 9689 

3.9092 

.9987 

1.0000 

1.0000 

1.0000 

.9997 

•aoo 

9.027E*06 

.9965 

1.4063 

268.24 

. 9725 

• 9920 

.9803 

2.9627 

.9987 

1.0000 

1.0000 

1.0000 

.9997 

• 250 

l.llBE^Ol 

• 9965 

1.4063 

267.63 

.9575 

.9876 

.9695 

2.4020 

.9987 

1.0000 

1.0000 

1 .0001 

.9997 

.300 

1.326E4>01 

.9965 

1.4062 

266.91 

.9395 

.9823 

.9564 

2.0345 

.9987 

1.0000 

.9999 

l.OOOl 

.9997 

• 350 

1.527E^0l 

.9965 

1.4062 

266.05 

.9188 

.9760 

.9414 

1.7775 

.9986 

1.0000 

.9999 

l.OOOl 

.9997 

• 400 

1.719E^01 

.9965 

1.4061 

265.08 

.8956 

.9689 

.9244 

1.5897 

.9986 

1.0000 

.9999 

1.0001 

.9997 

.450 

l.90l£«'0T 

.9965 

1.4061 

263.98 

• 8703 

.9609 

• 9056 

1.4483 

.9986 

1.0000 

.9999 

1.0001 

.9997 

.500 

2.072EI-07 

.9965 

1.4060 

262.70 

.8429 

.9522 

.8852 

1.3397 

.9986 

.9999 

.9998 

1.0000 

.9999 

• 550 

2.232E4*07 

.9965 

1.4060 

261.47 

• 8141 

• 9428 

.8635 

1.2548 

.9985 

.9999 

• 9998 

1.0000 

.9999 

.600 

2.381EI-07 

.9965 

1.4059 

260.05 

.7839 

• 9326 

• 8405 

1.1861 

.9985 

.9999 

.9990 

1.0000 

.9999 

• 650 

2.517E*07 

.9965 

1.4058 

258.54 

.7527 

.9219 

.8165 

1.1356 

.9985 

.9998 

.9997 

1.0001 

.9999 

• 700 

2.642E^07 

.9965 

1.4057 

256.94 

.7208 

.9105 

.7916 

1.0943 

• 9984 

• 9998 

.9997 

1.0001 

1.0000 

.750 

2.755£f07 

.9965 

1.4056 

255.25 

• 6885 

.8986 

.7661 

1.0624 

.9984 

.9998 

.9997 

1.0001 

1.0000 

• 800 

2,855£*07 

.9966 

1.4056 

253.48 

.6559 

• 8862 

.7401 

1.0382 

.9984 

.9998 

.9997 

1.0001 

1.0000 

• 850 

2.944E4-07 

.9966 

1.4055 

251.64 

.6234 

.8734 

.7137 

1.0207 

.9983 

.9998 

.9996 

1.0001 

1.0000 

• 900 

3.020E»07 

.9966 

1.4054 

249.73 

.5912 

• 6602 

• 6872 

1.0069 

.9983 

.9999 

.9996 

1.0002 

1.0000 

.950 

3.086E*-07 

.9966 

1.4053 

247.76 

.5594 

.8467 

• 6606 

1.0022 

.9983 

.9999 

.9996 

1.0002 

1.0000 

1.000 

3.140E+07 

.9966 

1.4052 

245.73 

• 5282 

.8329 

.6341 

1.0000 

.9982 

.9999 

.9995 

1.0002 

1.0000 

1.050 

3.184EI-07 

• 9966 

1.4051 

243.65 

.4978 

.8189 

.6078 

1.0020 

.9982 

.9999 

.9995 

1.0002 

1.0000 

l.lOO 

3.218E+07 

.9967 

1.4050 

241.53 

.4683 

• 8047 

.5819 

1.0079 

.9982 

.9999 

.9995 

1.0003 

1.0000 

1.150 

3.242£*07 

.9967 

1.4049 

239.36 

.4398 

.7904 

.5563 

1.0175 

.9982 

1.0000 

.9994 

1.0003 

1.0000 

1.200 

3.258E«’07 

.9967 

1.4048 

237.16 

.4124 

.7759 

.5313 

1.0304 

.9982 

I. 0000 

• 9994 

1.0003 

1.0000 

1.250 

3.265E+07 

.9968 

1.4047 

234.94 

.3861 

.7614 

.5069 

1.0467 

.9981 

1.0000 

.9994 

1.0003 

1.0000 

1.300 

3.264E«'07 

.9968 

1.4046 

232.68 

.3609 

.7469 

.4831 

1.0663 

.9981 

1.0000 

.9994 

1.0004 

1.0000 

1.350 

3.257E+07 

.9968 

1.4045 

230.41 

.3370 

.7324 

.4600 

1.0890 

.9981 

1.0001 

.9993 

1.0004 

1.0000 

1.400 

3.243E«*07 

.9968 

1.4044 

228.12 

.3143 

.7179 

.4376 

1.1149 

.9981 

1.0001 

.9993 

1.0004 

1.0000 

1.450 

3.223£>07 

.9969 

1.4044 

225.82 

.2928 

.7035 

.4160 

1.1439 

• 9981 

1.0001 

.9993 

1.0004 

.9999 

1.500 

3.197£^07 

.9969 

1.4043 

223.51 

.2725 

.6892 

.3952 

1.1761 

.9981 

1.0002 

.9993 

1.0005 

.9999 

1.550 

3.167£f07 

• 9969 

1.4042 

221.19 

.2533 

• 6749 

.3751 

1.2115 

.9981 

1.0002 

.9992 

1.0005 

.9999 

1.600 

3.132£^07 

.9970 

1.4041 

218.87 

.2353 

.6609 

.3559 

1.2501 

.9981 

1.0002 

.9992 

1.0005 

• 9999 

1.650 

3.094E*07 

.9970 

1.4040 

216. 56 

.2185 

• 6469 

• 3375 

1.2921 

.9981 

1.0003 

.9992 

1.0005 

.9999 

1.700 

3.052£fr07 

.9971 

1.4039 

214.24 

.2027 

.6332 

.3199 

1.3375 

.9901 

1.0003 

• 9992 

1.0005 

.9999 

1.750 

3.007Ef07 

.9971 

1.4038 

211.94 

.1879 

.6196 

• 3030 

1.3863 

.9981 

1.000^3 

.9992 

1.0005 

• 9999 

1.600 

2.960E^07 

.9971 

1.4038 

209.64 

.1741 

.6063 

.2870 

1.4388 

.9981 

1.0003 

.9991 

1.0005 

.9999 

1.850 

2.910E«-07 

.9972 

1.4037 

207.36 

• 1613 

• 5931 

.2717 

1.4950 

.9980 

1.0003 

.9991 

1.0005 

• 9999 

1.900 

2#859E*-07 

.9972 

1.4036 

205.09 

.1493 

• 5802 

.2571 

1.5551 

.9981 

1.0003 

.9991 

1.0005 

.9999 

1.950 

2.806E*'07 

.9972 

1.4035 

202.84 

• 1382 

.5675 

.2433 

1.6191 

• 9961 

1.C004 

.9991 

1.0005 

.9999 

2*000 

2.751E^07 

.9973 

1.4035 

200.60 

.1279 

.5550 

• 2302 

1.6873 

.9981 

1.0004 

.9991 

1.0005 

.9999 


cr\ 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





H. TT » 

175 K 

PT « 3 

ATH 

• 

II 

o 

915 KGM/M3 

CONTINUED 




HACH 

REY/M 

1 

GAHHA 

W 

P/PT 

T/TT 

D/OT 

A/A* 

W 

P/PT 

.O Cl AT I UC 

T/TT 

O/OT 

A/A* 





H / «>tC 






'KCLff 1 1 VC 

lU lUCAL 

vAo VALUCd* 


0*000 

0. 

.9894 

1.4192 

268.62 

1.0000 

1.0000 

1.0000 

I 

.9962 

l.QOOO 

1.0000 

1.0000 

1 

• 050 

6.855E»06 

.9894 

1.4192 

268.55 

• 9983 

.9995 

.9988 

11.5820 

.9962 

1.0000 

1.0000 

1.0000 

.9992 

• 100 

1.367E#^07 

.9894 

1.4192 

268.35 

.9931 

•9980 

.9951 

5.8170 

.9961 

1.0000 

1.0000 

1.0000 

.9992 

• ISO 

a.OAOEt-OT 

.9894 

1.4191 

266.00 

• 9845 

.9955 

• 9889 

3.9070 

.9961 

1.0001 

1.0000 

1.0001 

.9991 

• 200 

2.700E4-07 

.9894 

1.4190 

267.53 

.9726 

.9920 

.9804 

2.9609 

.9961 

1.0001 

.9999 

1.0002 

.9991 

• 250 

3.343E«-07 

.9894 

1.4189 

266.92 

.9573 

.9875 

.9694 

2.4011 

.9960 

.9999 

.9999 

1.0000 

• 9993 

• 300 

3.967E»07 

.9894 

1.4188 

266.18 

.9393 

.9821 

• 9564 

2.0338 

.9960 

.9998 

.9998 

1.0000 

.9994 

.350 

4.56TE*07 

.9894 

1.4187 

265.31 

.9186 

.9758 

• 9413 

1.7770 

.9959 

• 9998 

• 9998 

1.0000 

• 9994 

•400 

5. 141 E 4^07 

• 9894 

1.4185 

264.33 

.8954 

.9687 

.9243 

1.5893 

.9958 

.9998 

.9997 

1.0000 

.9995 

•450 

5.685E*^07 

.9894 

1.4184 

263.22 

.8700 

.9607 

.9056 

1.4480 

.9957 

.9997 

.9996 

1.0001 

• 9996 

.500 

6.19'»E*07 

.9894 

1.4162 

262.00 

• 8427 

.9519 

.8853 

1.3394 

.9956 

.9997 

.9995 

l.OOOl 

.9996 

• 550 

6. 6796^07 

.9895 

1.4180 

260.68 

.8139 

.9424 

.8635 

1.2546 

.9955 

.9996 

.9995 

1.0001 

.9997 

• 600 

7.125E»07 

.9895 

1.4178 

259.25 

.7837 

• 9322 

• 8406 

1.1879 

.9954 

.9996 

.9994 

1.0002 

.9998 

• 650 

7.535E»07 

.9895 

1.4175 

257.73 

.7525 

.9214 

.8166 

1.1354 

.9953 

.9996 

.9993 

1.0002 

.9998 

.700 

7.9UE«-07 

.9895 

1.4173 

256.11 

• 7206 

.9100 

• 7918 

1.0942 

.9952 

.9996 

.9992 

1.0003 

.9999 

• 750 

8.248E^07 

• 9896 

1.4171 

254.41 

.6883 

.8961 

.7663 

1.0623 

.9951 

.9996 

.9991 

1.0003 

.9999 

• 800 

8.550e«^07 

.9896 

1.4168 

252.63 

.6558 

.8057 

.7403 

1.0382 

.9950 

.9996 

.9990 

1.0004 

.9999 

• 850 

8.816E»07 

.9896 

1.4165 

250.78 

.6233 

.8728 

.7139 

1.0206 

.9949 

.9996 

.9989 

1.0004 

1.0000 

.900 

9.047E^07 

.9897 

1.4163 

248.87 

.5911 

.8596 

.6874 

1.0089 

.9948 

.9996 

.9988 

1.0005 

1.0001 

.950 

9.244E»07 

.9898 

1.4160 

246.89 

.5593 

.8461 

• 6608 

1.0022 

.9948 

.9996 

• 9988 

1.0005 

1.0001 

1*000 

9.409E*^07 

.9898 

1.4157 

244.85 

.5282 

.8323 

.6344 

1.0001 

.9947 

.9997 

.9987 

1.0006 

1.0001 

1.050 

9.543Ef07 

.9899 

1.4154 

292.77 

.4978 

• 8182 

• 6081 

1.0021 

• 9946 

.9998 

.9986 

1.0007 

1.0001 

1.100 

9.646E4-07 

.9899 

1.4151 

240.64 

.4683 

• 8040 

.5822 

1.0060 

.9945 

.9998 

.9985 

1.0008 

l.OOOl 

1.150 

9.721E^07 

• 9900 

1.4148 

238.48 

.4398 

.7896 

.5567 

1.0175 

.9945 

.9999 

.9984 

1.0008 

1.0000 

1.200 

9. 7706^07 

.9901 

1.4146 

236.28 

.4124 

.7752 

.5317 

1.0304 

.9944 

1.0000 

.9984 

1.0009 

1.0000 

1.250 

9. 7946^07 

.9902 

1.4143 

234.05 

.3861 

• 7606 

.5073 

1.0467 

.9944 

l.OUOl 

.9983 

1.0010 

1.0000 

1.300 

9.794E^07 

.9903 

1.4140 

231.80 

.3610 

.7461 

.4835 

1.0662 

.9943 

1.0002 

.9982 

1.0011 

1.0000 

1.350 

9.774E^07 

.9904 

1.4137 

229.53 

.3371 

.7316 

• 4604 

1-0889 

.9943 

1.0U03 

• 9982 

1.0011 

.9999 

1.400 

9.733E*07 

.9905 

1.4134 

227.24 

.3144 

.7171 

.4380 

1.1148 

.9942 

1.0004 

.9981 

1.0012 

.9999 

1.450 

9.675E^07 

.9906 

1.4132 

224.94 

.2929 

.7026 

.4164 

1.1438 

.9942 

1.3)05 

.9980 

1.0013 

.9999 

1.500 

9.601E^07 

.9907 

1.4129 

222.64 

.2726 

• 6883 

.3955 

1.1759 

.9942 

1.0006 

.9980 

1.0013 

.9998 

1.550 

9.512E«^07 

.9908 

1.4126 

220.33 

.2535 

.6741 

.3755 

1.2113 

.9942 

1.0U06 

.9979 

1.0014 

• 9998 

1.600 

9.410E^07 

.9909 

1.4124 

218.02 

.2355 

.6600 

.3563 

1.2499 

.9941 

1.0007 

.9978 

1.0014 

.9998 

1.650 

9.296E«^07 

.9910 

1.4121 

215.71 

.2186 

.6461 

.3378 

1.2919 

.9941 

1.0008 

.9978 

1.0014 

.9998 

1.700 

9.172Ef07 

.9911 

1.4119 

213.41 

• 202 9 

• 6323 

.3202 

1.3372 

.9941 

1.0009 

.9977 

1.0015 

.9998 

1.750 

9.039Efr07 

.9912 

1.4116 

211.11 

.1880 

.6187 

.3033 

1.3861 

.9941 

1.0009 

.9977 

1.0015 

.9998 

1.600 

8.898E«-07 

.9913 

1.4114 

208.82 

.1742 

.6054 

.2873 

1.4385 

.9941 

1.0310 

.9976 

1.0015 

• 9998 

1.850 

8.750Efr07 

.9914 

1.4112 

206.55 

• 1614 

.5922 

.2720 

1.4947 

.9941 

1.0010 

.9975 

1.0015 

.9998 

1.900 

8.597E^07 

.9915 

1.4109 

204.29 

.1494 

.5793 

.2574 

1.5548 

.9941 

1.0011 

.9975 

1.0014 

• 9998 

1.950 

8.438E*^07 

.9916 

1.4107 

202.04 

• 1383 

.5666 

.2435 

1.6188 

.9941 

1.0011 

.9974 

1.0014 

.9998 

2.000 

8.276E«*07 

.9918 

1.4105 

199.82 

• 1280 

.5541 

.2304 

1.6871 

.9941 

1.0311 

.9974 

1.0014 

.9998 



TABLE 1* real-gas ISENTROPIC EXPANSIONS OF NITROGEN 





H 

»- 

»- 

• 

X 

175 K 

PT * 5 

ATM 

OT = 9. 

930 KGM/M3 

CONTINUED 




NACH 

REY/M 

L 

GAMMA 

W 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/(»T 

T/TT 

O/OT 

A/A* 





M/SEC 





— 

•RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9823 

1.4325 

267.95 

1.0000 

1 .0000 

l.oooo 

I 

.9937 

1.0000 

1.0000 

1.0000 

I 

.050* 

1.139E»07 

.9823 

1.4325 

267.88 

. 9983 

.9995 

.9988 

11.5761 

.9937 

l.OoOO 

1.0000 

1.0000 

• 9986 

• 100 

2.272E»07 

.9823 

1.4324 

267.67 

.9931 

.9980 

.9951 

5.8139 

.9936 

1.0000 

l.oooo 

1.0001 

.9986 

.150 

3.390Ef07 

.9823 

1.4323 

267.32 

.9845 

.9954 

.9890 

3.9049 

.9936 

I.JIOI 

• 9999 

1.0002 

• 9986 

• 200 

«.487E»07 

.9823 

1.4322 

266.83 

.9726 

.9919 

.9803 

2.9600 

.9935 

.9999 

.9999 

1.0000 

.9908 

• 250 

5.557E»07 

.9823 

1.4320 

266.22 

.9573 

.9876 

.9694 

2.4000 

.9934 

.9998 

.9998 

1.0000 

.9989 

.300 

6.594£*07 

.9823 

1.4319 

265.47 

.9392 

• 9820 

.9566 

2.0330 

.9933 

.9997 

.9997 

1.0000 

• 9990 

.350 

7.592E»07 

.9823 

1.4316 

264.59 

.9185 

.9757 

.9413 

1.7763 

.9932 

.9997 

.9996 

1.0001 

.9991 

.400 

8.546E»37 

.9823 

1.4314 

263.59 

. 8953 

.9685 

• 9244 

1.5888 

.9930 

.9996 

.9995 

1.0001 

.9992 

.450 

9.452E«^07 

.9824 

1.4311 

262.47 

.8699 

.9605 

.9056 

1.4477 

.9929 

.9995 

.9994 

1.0001 

.9993 

.500 

l.031E^08 

.9824 

1.4308 

261.24 

• 8426 

.9517 

.8853 

1.3390 

.9927 

.9995 

.9992 

1.0002 

.9994 

• 550 

i.iiiE^^oa 

.9824 

1.4305 

259.90 

.8137 

.9421 

• 8636 

1.2543 

.9926 

• 9994 

.9991 

1.0003 

.9995 

.600 

l.I85E^08 

.9824 

1.4301 

258.46 

.7835 

.9319 

.8607 

1.1877 

.9924 

.9994 

.9990 

1.0003 

.9996 

• 650 

l.253E«>08 

.9825 

1.4297 

256.92 

.7523 

.9210 

.8168 

1.1353 

.9922 

.9993 

.9988 

1.0004 

.9997 

.700 

l.3l6E<-08 

.9825 

1.4293 

255.29 

.7204 

.9095 

.7920 

1.0941 

.9920 

.9993 

.99 87 

1.0005 

.9998 

.750 

Z.372£*08 

.9825 

1.4289 

253.58 

• 6881 

• 8976 

.7665 

1.0623 

.9919 

.9993 

.9985 

1.0006 

.9999 

• 800 

1.423E»08 

.9826 

1.4285 

251.79 

.6556 

.8851 

.7405 

1.0381 

.9917 

.9994 

.9984 

1.0007 

.9999 

• 850 

1.467E^08 

.9827 

1.4280 

249.92 

• 6231 

.8722 

.7142 

1.0206 

.9915 

.9994 

.9983 

1.0008 

1.0000 

.900 

l.506E*-08 

.9827 

1.4276 

248.00 

.5910 

.8590 

.6877 

1.0088 

.9914 

.9995 

.9981 

1.0010 

1.0000 

.950 

l.539E*08 

.9828 

1.4271 

246.01 

.5592 

.8454 

• 6612 

1.0021 

.9912 

.9996 

• 9980 

l.OOll 

1.0000 

1 .000 

1.567E«^08 

.9829 

1.4266 

243.97 

.5281 

.8315 

.6347 

l.OOOU 

.9911 

.9997 

.9978 

1.0012 

1.0000 

1.050 

l.589E«-08 

.9830 

1.4262 

241.88 

.4978 

.8175 

• 6085 

1.0020 

.9910 

• 9990 

.9977 

1.0014 

1.0000 

1.100 

1.607E^08 

.9831 

1.4257 

239.75 

.4682 

• 8032 

.5825 

1.0081 

• 9908 

.9997 

.9976 

1.0013 

1.0002 

1.150 

1.620E«'08 

.9833 

1.4252 

237.58 

.4398 

.7888 

.5570 

1.0176 

.9907 

.9999 

.9975 

1.0015 

1.0001 

1.200 

1«628E»08 

.9834 

1.4247 

235.38 

.4124 

.7743 

.5320 

1.0305 

.9906 

l.OUOO 

.9973 

1.0016 

l.OOOl 

1.250 

1.632E«'08 

.9835 

1.4242 

233.15 

.3861 

.7598 

.5076 

1.0468 

.9905 

1.0002 

.9972 

1.0017 

1.0000 

1.300 

1.633E4-38 

.9837 

1.4238 

230.90 

• 3613 

• 7452 

.4838 

1.0663 

.9905 

1.0003 

.9971 

1.0019 

1.0000 

1.350 

1.630E*^08 

.9838 

1.4233 

228.63 

.3371 

.7307 

.4607 

1.0890 

.9904 

1.0005 

.9970 

1.0020 

• 9999 

1.400 

I.623E«^08 

.9840 

1.4228 

226.35 

.3145 

.7162 

• 4363 

1.1148 

• 9903 

1.0007 

.9969 

1.0021 

.9999 

1.450 

1.614E«^06 

.9841 

1.4224 

224.05 

.2930 

.7017 

.4167 

1.1438 

.9903 

1.0008 

.9968 

1.0022 

.9998 

1.500 

1.602E»08 

.9843 

1.4219 

221.75 

.2727 

.6874 

.3959 

1.1759 

.9902 

1.0010 

.9967 

1.0023 

.9998 

1.550 

1.587E»08 

.9845 

1.4215 

219.45 

.2536 

.6732 

.3759 

1.2113 

.9902 

1.0011 

.9966 

1.0024 

.9997 

1.600 

1.570E»08 

• 9846 

1.4210 

217.15 

.2356 

.6591 

.3566 

1.2499 

.9902 

1.0013 

.9965 

1.0024 

.9997 

1.650 

1.552E«^08 

• 9848 

1.4206 

214.84 

.2187 

• 6451 

• 3382 

1.2918 

.9902 

1.0014 

.9964 

1.0025 

.9997 

1.700 

1.531E»08 

.9850 

1.4202 

212.55 

.2029 . 

.6314 

.3205 

1.3371 

.9902 

1.0015 

.9963 

1.0025 

.9997 

1.750 

1.509E«^08 

.9852 

1.4198 

210.26 

• 1881 

• 6178 

• 3036 

1.3860 

.9901 

1.0016 

.9962 

1.0026 

.9996 

1.800 

1.486Et>08 

.9854 

1.4194 

207.98 

.1743 

•6044 

.2876 

1.4384 

.9901 

1.0017 

.9961 

1.0026 

.9996 

1.850 

1.462E»08 

.9856 

1.4190 

205.72 

.1615 

• 5913 

.2722 

1.4947 

.9902 

1.0018 

.9960 

1.0025 

• 9996 

1.900 

1.436E»08 

.9857 

1.4186 

203.47 

.1495 

.5783 

.2576 

1.5547 

.9902 

1.0019 

.9959 

1.0025 

.9997 

1.950 

1.410E»08 

.9859 

1.4183 

201.23 

• 1384 

.5656 

.2438 

1.6168 

.9902 

1.0019 

.9958 

1.0025 

.9997 

2.000 , 

1.383E«^08 

• 9861 

1.4179 

199.02 

.1281 

.5532 

.2306 

1.6870 

.9902 

1.0020 

.9957 

1.0024 

.9997 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




H. 

TT * 

175 K 

PT - 8 

ATM 

OT = 16. 

061 KGM/M3 

CONT INUED 




MACM 

REY/M 

Z 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ A* 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9717 

1.4533 

266.97 

1.0000 

1.0000 

1.0000 

I 

.9900 

1.0000 

1.0000 

1.0000 

I 

.050 

1.816E«’07 

.9717 

1.4533 

266.90 

.9983 

.9995 

.9988 

11.5624 

.9900 

l.OOOtl 

1.0000 

1.0000 

.9974 

• 100 

3.621Ei-0T 

.9717 

1.4532 

266.68 

.9931 

.9980 

.9951 

5.8070 

.9900 

1.0001 

• 9999 

1.0001 

.9974 

• 150 

5.403E*-07 

.9717 

1.4531 

266.33 

.9843 

.9954 

.9889 

3.9008 

.9899 

.9999 

.9999 

1.0000 

.9976 

.200 

7. 1526^07 

.9717 

1.4529 

265.83 

.9723 

.9918 

.9803 

2.9566 

.9897 

.9998 

.9998 

1.0000 

.9977 

• 250 

8.859E^07 

.9717 

1.4526 

265.20 

.957 2 

.9873 

.9695 

2.3974 

.9896 

.9997 

.9997 

1.0001 

.9978 

.300 

1.051Efr08 

.9717 

1.4523 

264.43 

.9391 

.9818 

.9565 

2.0309 

.9894 

.9996 

.9995 

1.0001 

.9979 

• 350 

1.210E^08 

.9717 

1.4520 

263.53 

.9183 

.9755 

.9414 

1.7746 

.9892 

.9995 

.9994 

1.0002 

.9981 

• 400 

1.363E*-08 

.9717 

1.4516 

262.51 

.8950 

.9682 

.9245 

1.5874 

.9890 

.9994 

.9992 

1.0002 

.9983 

.450 

1.507E+08 

.9717 

1.451L 

261.37 

• 6696 

.9601 

.9058 

1.4465 

.9887 

.9993 

.9990 

1.0003 

.9985 

.500 

1.643Ef08 

.9717 

1.4506 

260.11 

.8422 

.9512 

.8854 

1.3383 

.9884 

.9990 

.9988 

1.0002 

.9988 

.550 

1.771E+08 

.9717 

1.4501 

258.75 

. 0132 

.9416 

.8637 

1.2538 

.9862 

.9989 

• 9986 

1.0003 

.9990 

• 600 

1.89OEfr0e 

.9717 

1.4495 

257.28 

.7830 

.9313 

• 8408 

1.1873 

.9879 

.9988 

.9984 

1.0004 

.9992 

.650 

1.999Efr08 

.9718 

1.4489 

255.72 

.7519 

.9204 

.0169 

1.1350 

.9876 

.9987 

.9981 

1.0005 

.9994 

.700 

2.099E4-08 

.9718 

1.4482 

254.07 

.7200 

.9088 

.7921 

1.0939 

.9873 

. 9987 

.9979 

1.0006 

.9996 

.750 

2.l90E*-08 

.9719 

1.4476 

252.33 

.6877 

.8968 

.7666 

1.0621 

.9870 

.9986 

.9977 

1.0008 

.9997 

.800 

2.271E*08 

.9720 

1.4469 

250.52 

.6552 

.8843 

.7407 

1.0381 

.9867 

.9987 

.9975 

1.0009 

.9998 

• 850 

2.342E«*08 

.9721 

1.4462 

248.64 

.6227 

.8713 

.7144 

1.0206 

.9864 

.9987 

.9972 

1.0011 

.9999 

.900 

2.405E*-08 

.9722 

1.4454 

246.70 

.5906 

• 8580 

• 6880 

1.0066 

.9862 

.9988 

.9970 

1.0013 

1.0000 

.950 

2.458E«'08 

.9723 

1.4447 

244.70 

.5589 

.8444 

.6615 

1.0022 

.9859 

.9990 

.9968 

1.0015 

1.0000 

1.000 

2.503E*^08 

.9724 

1.4439 

242.64 

.5278 

.8305 

.6351 

l.OOQO 

.9857 

.9991 

.9966 

1.0018 

1.0000 

1.050 

2.540E«'08 

.9726 

1.4431 

240.54 

.4975 

.8164 

.6089 

1.0020 

.9855 

.9993 

.9964 

1.0020 

1.0000 

1.100 

2.569E«-06 

.9727 

1.4423 

238.40 

.4681 

.8021 

.5830 

1.0079 

.9853 

.9995 

.9962 

1.0022 

1.0000 

1.150 

2.590E^08 

.9729 

1.4416 

236.23 

.4397 

.7877 

.5576 

1.0174 

.9851 

.9997 

.9960 

1.0025 

.9999 

1.200 

2.604E«>08 

.9731 

1.4408 

234.02 

.4124 

.7732 

.5326 

1.0303 

.9849 

l.COOO 

.995 8 

1.0027 

.9999 

1.250 

2.612E4-08 

.9733 

1.4400 

231.79 

.3862 

.7586 

.5082 

1.0465 

.9848 

1.0003 

.9957 

1.0029 

.9998 

1.300 

2.6l3E«-08 

.9735 

1.4392 

229.54 

.3611 

.7440 

.4844 

1.0660 

.9846 

1.0005 

.9955 

1.0032 

.9997 

1.350 

2.609E^08 

.9738 

1.4384 

227.28 

.3373 

.7295 

• 4614 

1.0886 

.9845 

1.0008 

.9953 

1.0034 

.9996 

1.400 

2.600E«‘08 

.9740 

1.4377 

225.00 

.3146 

.7149 

.4390 

1.1144 

.9844 

1.0011 

.9952 

1.0036 

.9995 

1.450 

2.585E*08 

.9743 

1.4369 

222.71 

.2931 

.7005 

.4174 

1.1433 

• 9843 

1.0014 

• 9950 

1.0037 

.9994 

1.500 

2.567E»08 

.9745 

1.4362 

220.42 

.2729 

.6861 

.3965 

1.1754 

.9843 

1.0016 

.9949 

1.0039 

.9994 

1.550 

2.544E*-08 

.9748 

1.4354 

218.12 

.2538 

.6719 

.3765 

1.2107 

.9842 

1.0019 

.9947 

1.0040 

• 9993 

1.600 

2.518E»08 

.9751 

1.4347 

215.83 

.2358 

.6578 

.3572 

1.2492 

.9842 

1.0021 

.9945 

1.0041 

.9992 

1.650 

2.489E«>08 

.9754 

1.4340 

213.54 

.2189 

.6438 

.3368 

1.2911 

.9841 

1.0024 

.9944 

1.0042 

.9992 

1.700 

2.457E»08 

.9756 

1.4333 

211.25 

• 2031 

• 6301 

.3211 

1.3364 

.9841 

1.0026 

.9942 

1.0043 

• 9991 

1.750 

2.422EA-08 

.9759 

1.4327 

208.98 

• 1883 

.6165 

.3042 

1.3852 

.9841 

1.0027 

.9941 

1.0043 

.9991 

1.800 

2.385E»08 

.9762 

1.4320 

206.71 

• 1746 

.6031 

• 2831 

1.4376 

.9841 

1.0029 

.9939 

1.0043 

.9991 

1.650 

2.346E«-08 

.9765 

1.4314 

204.46 

.1617 

.5900 

.2727 

1.4938 

.9841 

1.0030 

.9938 

1.0043 

.9991 

1.900 

2.306E«^08 

.9763 

1.4308 

202.23 

.1497 

.5770 

.2581 

1.5539 

.9841 

1.0031 

• 9936 

1.0043 

.9991 

1.950 

2.264E«'08 

.9771 

1.4302 

200.01 

.1366 

.5643 

.2442 

1.6179 

.9841 

1.0032 

.9935 

1.0042 

.9992 

2.000 

2.221E«^08 

.977^ 

1.4296 

197.81 

• 1282 

.5519 

.2310 

1.6862 

.9042 

1.0033 

.9933 

1.0041 

.9992 



TABLE U REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





H. TT » 

175 K 

PT « 10 

ATM 

OT « 20. 

224 KGM/M3 

CONTINUED 




MACH 

RET/M 

1 

GAMMA 

M 

P/PT 

T/TT 

0/01 

A/A* 

u 

P/PT 

..O Cl ATI UC 

T/TT 

Tn ffncAi 

O/OT 

A/A* 





n 9 dti# 






*KCLA 1 I VC 

lU lUCAL 

VALUC d* 


0*000 

0. 

• 9646 

1.4679 

266.34 

1.0000 

1 .0000 

1.0000 

I 

.9877 

1.0000 

1.0000 

1.0000 

I 

.050 

2.265E«^07 

• 9646 

1.4678 

266.27 

• SS83 

.9995 

• 9988 

11.5524 

•9877 

1.0000 

1.0000 

1.0000 

• 9966 

.100 

4.516E407 

• 9646 

1.4677 

266.05 

.9931 

.9979 

.9952 

5.8019 

.9876 

1.0001 

.9999 

1.0002 

• 9966 

• 150 

6.739E+07 

• 9646 

1.4675 

265.69 

• 9843 

.9954 

.9889 

3.8980 

• 9875 

• 9999 

.9998 

1.0000 

.9968 

.200 

8.921E»07 

• 9646 

1.4673 

265.18 

.9723 

.9918 

.9803 

2.9545 

.9873 

• 9998 

.9997 

1.0001 

.9970 

• 250 

1.105E«>08 

• 9646 

1.4670 

264.54 

.9571 

.9872 

.9695 

2.3950 

.9871 

.9996 

.9996 

1.0001 

.9971 

• 300 

1.311E«^08 

• 9646 

1.4666 


.9390 

.9817 

.9565 

2.0296 

.9869 

.9995 

.9994 

1.0002 

.9973 

.350 

1.510E4-08 

.9645 

1.4662 

262.84 

.9182 

.9753 

.9415 

1.7736 

.9866 

.9994 

• 9992 

1.0002 

• 9975 

.400 

1.700E«-08 

.9645 

1.4656 

261.81 

. 8947 

• 9680 

.9244 

1.5869 

.9863 

• 9990 

.9990 

1.0001 

.9979 

.450 

1.880E4>Q6 

.9645 

1.4651 

260.65 

.8693 

.9599 

.9057 

1.4462 

.9860 

• 9988 

.9987 

1.0002 

• 9962 

.500 

2.050E»06 

.9645 

1.4645 

259.38 

• 8419 

.9509 

• 8854 

1.3379 

• 9856 

• 9987 

.9985 

1.0003 

• 9985 

.550 

2.210E«'08 

.9646 

1.4638 

257.99 

• 8130 

.9413 

.6638 

1.2535 

.9853 

.9985 

• 9982 

1.0004 

.9988 

•600 

2.358EI-08 

.9646 

1.4631 

256.51 

.7828 

.9309 

• 8409 

1.1071 

• 9849 

.9984 

•9980 

1.0005 

.9990 

• 650 

2.495Ef08 

.9646 

1.4623 

254.93 

.7516 

.9200 

.0170 

1.1348 

.9845 

.9983 

.9977 

1.0006 

.9993 

• TOO 

2.620E«'06 

.9647 

1.4615 

253.26 

.7197 

.9084 

.7922 

1.0938 

•9841 

.9982 

• 9974 

1.0008 

.9995 

.750 

2.733E«-08 

.9647 

1.4606 

251.51 

.6874 

.8963 

.7668 

1.0621 

• 9836 

.9982 

.9971 

1.0010 

•9996 

• 600 

2.834E<-08 

.9648 

1.4598 

249.68 

.6549 

.8837 

.7409 

1.0380 

• 9834 

.9983 

• 9968 

1.0012 

• 9998 

.850 

2.924E^08 

• 9649 

1.4589 

247.79 

.6225 

.8708 

.7147 

1.0206 

• 9831 

• 9983 

.9966 

1.0015 

.9999 

.900 

S.OOBE^-Oe 

.9650 

1.4579 

245.83 

.5904 

.8574 

• 6683 

1.0089 

.9827 

.9985 

.9963 

1.0017 

1.0000 

• 950 

3 • OTOE f 08 

.9652 

1.4570 

243.82 

.5587 

.8438 

• 6618 

1.0022 

.9824 

.9986 

•9961 

1.0020 

1.0000 

1*000 

3.127Ei*08 

.9653 

1.4560 

241.75 

.5277 

.8299 

.6354 

1.0001 

.9821 

• 9988 

• 9958 

1.0023 

1.0001 

1.050 

3.173Ef08 

.9655 

1.4550 

239.65 

.4974 

.8157 

.6093 

1.0021 

.9818 

.9991 

.9956 

1.0026 

1.0000 

1.100 

3.210E«'08 

.9657 

1.4540 

237.50 

•4681 

• 8014 

.5834 

1.0079 

.9815 

.9993 

.9953 

1.0029 

1.0000 

1.150 

3.237Efr08 

.9659 

1.4531 

235.32 

.4397 

• 78T0 

• 5560 

1.0X74 

• 9813 

.9996 

•9951 

1.0032 

.9999 

1.200 

3.255E«-C8 

.9662 

1.4521 

233.11 

.4124 

.7724 

• 5330 

1.0303 

• 9811 

1.0000 

.9949 

1.0035 

• 9998 

1.250 

3.265E«-08 

• 9664 

1.4511 

230.88 

.3862 

.7579 

.5087 

1.0465 

• 9809 

1^0003 

.9947 

1.0038 

• 9997 

1.300 

3.268E«>08 

.9667 

1.4501 

228.63 

• 3612 

.7433 

.4849 

1.0659 

.9807 

1.0007 

• 9945 

1.0041 

• 9996 

1.350 

3.263E«-08 

.9670 

1.4491 

226.36 

.3373 

.7287 

.4618 

1.0885 

• 9806 

1.0010 

.9943 

1.0044 

• 9995 

1.400 

3.252Ef08 

.9673 

1.4481 

224.09 

.3147 

.7141 

• 4395 

1.1142 

• 9804 

1.0014 

.9941 

1.0046 

• 9994 

1.450 

3.235Ei>08 

.9676 

1.4472 

221.60 

• 2933 

.6997 

.4179 

1.1431 

.9803 

1.0017 

• 9939 

1.0049 

.9993 

1.500 

3.212E«^08 

.9679 

1.4462 

219.51 

.2730 

.6853 

.3970 

1.1752 

• 9802 

1.0021 

.9937 

1.0051 

.9992 

1.550 

3.184Ei^08 

• 9682 

1.4453 

217.22 

.2539 

.6711 

.3770 

1.2104 

.9802 

1.0024 

• 9935 

1.0053 

• 9991 

1.600 

3.152E4-08 

.9686 

1.4444 

214.94 

.2359 

• 6570 

.3577 

1.2489 

• 9801 

1.0027 

.9933 

1.0054 

.9990 

1.650 

3.116E^08 

• 9689 

1.4435 

212.65 

• 2191 

•6430 

.3392 

1.2908 

• 9801 

1.0030 

• 9931 

1.0055 

•9989 

1.700 

3.076E«>08 

.9693 

1.4426 

210.38 

• 2033 

• 6292 

• 3215 

1.3360 

• 9800 

1.0033 

.9929 

1.0056 

.9989 

1.750 

3.033Ef08 

• 9696 

1.4418 

208.11 

• 1385 

•6157 

• 3046 

1.3648 

• 9800 

1.0035 

.9927 

1.0057 

• 9988 

1.800 

2.988E«^08 

.9700 

1.4409 

205.86 

.1747 

•6023 

• 2685 

1.4372 

•9800 

1.0037 

.9925 

1.0057 

• 9988 

1.850 

2.940E4-08 

• 9703 

1.4401 

203.62 

• 1618 

• 5891 

.2731 

1.4934 

• 9800 

1.0039 

•9923 

1.0057 

• 9988 

1.900 

2.889E4-08 

.9707 

1.4394 

201.39 

.1499 

.5762 

• 2585 

1.5534 

• 9800 

1.0040 

• 9922 

1.0056 

• 9989 

1.950 

2.837E<^08 

.9711 

1.4386 

199.18 

• 1387 

• 5635 

• 2445 

1.6175 

• 9801 

1.0041 

• 9920 

1.0055 

•9989 

2.000 

2.78464'Od 

.9714 

1.4379 

196.99 

.1284 

•5510 

• 2313 

1.6857 

• 9801 

1.0042 

• 9918 

1.0054 

• 9990 


U) 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




H 

. TT * 

175 K 

PT * 15 

ATM 

DT * 30. 

904 KGM/M3 

CGNTIKUEO 




MACH 

RE7/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A« 

W 

P/PT 

RELATIVE TO 

T/TT 

IDEAL 

O/OT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9469 

1.5065 

264.87 

1.0000 

1 .0000 

1.0000 

I 

.9823 

1 . oooo 

1.0000 

1.0000 

I 

.050 

3.382E«-07 

.9469 

1.5065 

264.80 

• 9983 

.9995 

• 9988 

11.5278 

.9822 

1.0000 

1.0000 

1.3001 

.9945 

• 100 

6.742E«’07 

• 9469 

1.5063 

264.57 

.9929 

.9979 

.9950 

S.7908 

.9821 

.9999 

.9999 

1.0000 

.99A7 

.15Q 

1.006E4'06 

.9468 

1.5061 

264.19 

.9842 

.9953 

.9889 

3.8901 

.9019 

.9998 

• 9998 

1.0001 

.9948 

• 200 

l.332E*08 

• 9468 

1.5057 

263.65 

.9721 

.9917 

.9804 

2.9468 

.98X7 

• 9996 

.9996 

l.OOOX 

.9950 

• 250 

1.650E«^08 

.9468 

1.5052 

262.98 

.9569 

.9870 

.9696 

2.3914 

.9813 

.9994 

.9994 

1.0002 

.9953 

.300 

l.958E»08 

.9467 

1.5047 

262.16 

.9385 

• 9614 

.9565 

2.0266 

.9809 

.9990 

.9991 

I.OOOl 

.9958 

• 350 

2.254E*08 

.9467 

1.5040 

261.20 

.9176 

.9749 

.9414 

1.7713 

.9805 

.5987 

• 9986 

1.0002 

.9962 

• 400 

2.538E»08 

• 9466 

1.5032 

260.12 

.8942 

.9675 

.9245 

1.5648 

.9800 

.9984 

.9985 

1.0002 

.9967 

.450 

2.808E«'08 

.9466 

1.5024 

258.91 

.8686 

.9593 

.9058 

1.4445 

.9794 

.9981 

• 9981 

1.0003 

.9971 

.500 

3.063E«'06 

.9465 

1.5015 

257.59 

.8412 

.9502 

.8856 

1.3365 

.9788 

.9978 

.9977 

1.0005 

.9975 

• 550 

3.302E»08 

.9465 

1.5004 

256.15 

.8122 

.9A05 

• 8640 

1.2524 

.9782 

.9976 

.9974 

1.0007 

.9980 

.600 

3.524Ef08 

• 9465 

1.4994 

254.62 

.7820 

.9300 

.6412 

1.1863 

.9776 

.9974 

.9970 

1.0009 

.9984 

• 650 

3.729E*08 

.9465 

1.4982 

252.98 

.7508 

.9189 

.8174 

1.1342 

.9770 

.9972 

.9965 

1.0011 

.9987 

.TOO 

3.9176^08 

.9465 

1.4970 

251.26 

.7189 

.9072 

.7927 

1.0934 

.9764 

.9972 

• 9961 

1.0014 

.9991 

.750 

4.087E^08 

.9466 

1.4957 

249.47 

• 6866 

.8950 

.7674 

1.06X7 

.9758 

.9971 

.9957 

1.0018 

.9994 

.800 

4.240E*'08 

• 9466 

1.4944 

247.59 

.6542 

.8824 

.7416 

1.0378 

.9752 

.9972 

.9953 

1.0022 

.9996 

.850 

4.376E»08 

.9467 

1.4930 

245.66 

.6219 

.8693 

.7154 

1.0204 

.9746 

.9973 

.9950 

1.0026 

.9990 

.900 

4.495E*'08 

.9469 

1.4916 

243.66 

.5898 

.8559 

.6891 

1.0086 

.9741 

.9975 

.9946 

1.0030 

.9999 

.950 

4.597Ef08 

.9470 

1.4901 

241.61 

.5582 

.8422 

.6627 

1.0021 

.9735 

.9978 

.9942 

1.0035 

1.0000 

l.OOO 

4.684E4'08 

.9472 

1.4887 

239.52 

.5273 

.8282 

.6365 

1.0000 

.9730 

.9981 

.9939 

1.0040 

1.0000 

1.050 

4.755E«-08 

.9474 

1.4872 

237.39 

.4971 

.8140 

• 6104 

1.0020 

.9726 

.9985 

.9935 

1.0045 

1.0000 

1.100 

4.8126*08 

.9477 

1.4857 

235.22 

.4679 

.7997 

• 5846 

1.0078 

.9721 

.9990 

.9932 

1.0050 

.9999 

1.150 

4.854E*08 

.9480 

1.4841 

233.03 

.4396 

.7852 

.5592 

1.0172 

.9717 

.9995 

.9929 

1.0055 

.9998 

1.200 

4.8d4E«-08 

.9483 

1.4826 

230.80 

• 4124 

.7706 

.5343 

1.0301 

.97X4 

1.0000 

• 9926 

1.0060 

.9996 

1.250 

4•902E^08 

• 9466 

1.4611 

228.56 

• 3863 

.7560 

.5100 

1.0462 

.9711 

1.0006 

.9923 

1.0065 

.9995 

1.300 

4.907E*-08 

.9490 

1.4795 

226.31 

.3613 

.7414 

• 4862 

1.0657 

.9708 

1.0010 

•9920 

1.0068 

.9995 

1.350 

4.902EI-08 

.9494 

1.4780 

224.04 

.3375 

.7268 

.4632 

1.0882 

.9705 

1.0015 

.9917 

1.0073 

.9993 

1.400 

A.SSSEf'Oa 

.9498 

1.4765 

221.77 

.3149 

.7122 

,4408 

1.1139 

.9703 

1.0021 

• 9914 

1.0077 

.9991 

1.450 

4.864E«>08 

.9503 

1.4750 

219.49 

.2935 

.6977 

.4192 

1.1427 

.9701 

1.0027 

.9911 

1.0081 

.9909 

1.500 

4.832E«‘08 

.9507 

1.4735 

217.21 

.2733 

.6834 

• 3983 

1.1746 

.9700 

1.0033 

.9909 

1.0085 

.9987 

1.550 

4.793E*-08 

.9512 

1.4721 

214.94 

• 2542 

• 6691 

.3783 

1.2098 

.9698 

1.0036 

.9906 

1.0088 

.9905 

1.600 

4.746E«-08 

.9517 

1.4706 

212.66 

.2363 

.6550 

.3589 

1.2482 

.9697 

1.0043 

• 9903 

1.0090 

.9984 

1.650 

4.694E«^08 

.9522 

1.4692 

210.40 

.2195 

.6410 

• 3404 

1.2699 

.9697 

1.0048 

•9901 

1.0092 

.9982 

1.700 

A.asaEi'Od 

.9527 

1.4679 

208 . 14 

.2037 

.6273 

.3227 

1.3351 

• 9696 

1.0052 

• 9898 

1.0094 

• 9981 

1.750 

4.573E«^08 

.9533 

1.4665 

205.89 

• 1889 

.6137 

.3057 

1.3838 

.9696 

1.0056 

• 9895 

1.0095 

• 9981 

1.800 

4.506EV08 

.9538 

1.4652 

203.66 

.1751 

• 6003 

• 2896 

1.4361 

• 96 96 

1.0060 

• 9893 

1.0095 

• 9980 

1.650 

4.4356*06 

.9543 

1.4640 

201.44 

.1622 

.5871 

.2741 

1.4922 

.9696 

1.0062 

• 9690 

1.0095 

.9980 

1.900 

4.3616*08 

•9549 

1.4627 

199.24 

• 1502 

.5742 

• 2594 

1.5523 

• 9696 

1.0065 

• 9887 

1.0095 

•9981 

1.950 

4.2646*08 

.9554 

1.4615 

197.06 

• 1391 

.5615 

• 2455 

1.6163 

• 9696 

1.0067 

• 9684 

1.0094 

.9982 

2.000 

4.2046*08 

•9560 

1.4604 

194.89 

.1287 

.5490 

• 2322 

1.6846 

.9697 

1.0068 

• 9882 

1.0092 

.9983 


TABLE [. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





H. TT * 

175 K 

PT * 20 

ATM 

OT * 41. 

990 KGM/M3 

CONTINUED 




HACH 

REY/M 

1 

GAMMA 

W 

P/PT 

T/TT 

D/OT 

A/ A* 

W 

P/PT 

T/TT 
TO IDEAL 

D/OT 

A/A« 





n / L 






*K C L A 1 1 V C 

uAd VALUCd" 


0.000 

0. 

.9292 

1.5488 

263.57 

1.0000 

1.0000 

1 . oaoo 

I 

• 9774 

1.0000 

1.0000 

1.0000 

I 

• 050 

4.493Ef07 

.9292 

1.5488 

263.49 

.9983 

.9995 

.9988 

11.4959 

.9774 

1.0000 

1.0000 

1.0001 

• 9918 

• 100 

8. 9596*07 

.9292 

1.5486 

26 3.24 

.9929 

.9979 

.9951 

5.7751 

.9772 

.9999 

.9999 

1.0001 

• 9920 

.150 

1.337E*08 

.9291 

1.5482 

262.84 

• 9841 

.9952 

.9890 

3.8798 

.9769 

.9997 

.9997 

1.0001 

•9922 

• 200 

l.770E*08 

.9290 

1.5477 

262.28 

.9713 

.9915 

.9803 

2.9418 

.9765 

.9993 

.9994 

1.0001 

.9927 

• 250 

2.192E*0d 

.9289 

1.5471 

261.56 

.9564 

• 9868 

.9695 

2.3862 

.9760 

.9989 

.9991 

1.0001 

.9931 

• 300 

2.601E*08 

• 9288 

1.5464 

260.70 

.9381 

.9811 

.9565 

2.0221 

.9754 

.9985 

.9988 

1.0002 

.9936 

•350 

2.9966*08 

.9287 

1.5455 

259.69 

.9170 

.9745 

.9415 

1.7677 

.9748 

.9981 

.9984 

1.0003 

• 9942 

• 400 

3.3736*08 

.9286 

1.5445 

258.55 

.8935 

.9670 

.9246 

1.5320 

.9740 

.9976 

.9980 

1.0004 

.9949 

•450 

3.7326*08 

.9284 

1.5434 

257.28 

• 8678 

.9587 

• 9060 

1.4422 

• 9732 

.9972 

•9975 

1.0006 

• 9955 

• 500 

4.0716*08 

.9283 

1.5422 

255.89 

• 8403 

.9495 

.8859 

1.3347 

.9724 

.9968 

.9970 

1.0008 

• 9961 

.550 

4.388E*08 

.9282 

1.5409 

254.40 

. 8113 

.9396 

.8643 

1.2509 

.9715 

.9965 

• 9965 

1.0010 

.9968 

• 600 

4.6836*08 

•9281 

1.5394 

252.60 

.7809 

.9291 

.8415 

1.1854 

.9706 

• 9960 

• 9960 

1.0012 

.9976 

•650 

4.9566*08 

.9281 

1.5379 

251.10 

.7497 

.9179 

.8177 

1.1335 

.9697 

.9957 

.9954 

1.0015 

.9981 

.700 

5.2076*08 

• 9280 

1.5363 

249.32 

.7178 

• 9061 

.7932 

1.0929 

.9688 

.9956 

•9949 

1.0020 

.9986 

.750 

5.4346*08 

.9280 

1.5346 

247.46 

.6855 

• 8938 

.7679 

1.0615 

.9679 

.9955 

.9944 

1.0024 

.9991 

• 800 

5.6396*08 

• 9281 

1.5326 

245.54 

.6532 

.8811 

.7422 

1.0377 

.9671 

• 9956 

• 9939 

1.0030 

.9994 

• 650 

5.6216*08 

• 9281 

1.5309 

243.55 

.6209 

• 8680 

.7162 

1.0204 

.9662 

.9958 

.9934 

1.0036 

.9997 

.900 

5.9816*08 

.9282 

1.5290 

241.51 

.5890 

.8545 

.6900 

1.0088 

.9654 

• 9960 

.9929 

1.0042 

.9999 

.950 

6.1196*08 

.9284 

1.5271 

239.42 

.5575 

.8407 

.6637 

1.0022 

.9647 

.9964 

.9924 

1.0049 

I.OOOO 

1.000 

6.2376*08 

.9286 

1.5251 

237.29 

.5267 

.8267 

.6375 

1.0001 

.9639 

.9969 

.9920 

1.0056 

1.0001 

1.050 

6.3346*08 

• 9288 

1.5231 

235.12 

• 4966 

.8125 

• 6115 

1.0020 

.9633 

.9974 

.9916 

1.0063 

1.0000 

1.100 

6.4126*08 

.9291 

1.5210 

232.93 

.4675 

.7981 

.5859 

1.0078 

.96 26 

.9981 

.9912 

1.0071 

.9999 

1.150 

6.4726*08 

• 9294 

1.5189 

230.71 

.4393 

.7835 

.5606 

1.0172 

• 9621 

.9988 

.9908 

1.0079 

• 9998 

1.200 

6.5146*08 

.9298 

1.5168 

228.47 

.4122 

.7690 

.5358 

1.0300 

.9615 

.9995 

.9904 

1.0066 

.9996 

1.250 

6.5406*08 

.9302 

1.5147 

226.22 

.3862 

.7543 

• 5115 

1.0460 

.9611 

1.0003 

• 9900 

1.0094 

.9993 

1.300 

6.5516*08 

• 9306 

1.5126 

223.95 

• 3614 

.7397 

.4878 

1.0652 

.9607 

1.0012 

.9897 

1.0101 

• 9990 

1.350 

6.5486*08 

.9311 

1.5105 

221.68 

.3377 

• 7251 

• 4648 

1.0876 

.9603 

1.0020 

.9893 

1.0108 

.9987 

1.400 

6.5316*08 

.9316 

1.5084 

219.41 

.3152 

.7105 

•4424 

1.1132 

.9600 

1.0029 

.9890 

1.0114 

.9984 

1.450 

6.5036*08 

•9322 

1.5064 

217.13 

• 2938 

.6960 

.4208 

1.1418 

• 9597 

1.0037 

• 9887 

1.0120 

• 9982 

1.500 

6.4636*08 

• 9328 

1.5043 

214.86 

.2737 

• 6816 

• 4000 

1.1736 

.9595 

1.0045 

• 9883 

1.0125 

.9979 

1.550 

6.4136*08 

.9334 

1.5023 

212.59 

.2546 

.6674 

.3799 

1.2086 

.9593 

1.0053 

• 9860 

1.0130 

.9976 

1.600 

6.3546*08 

• 9340 

1.5003 

210.33 

.2367 

•6532 

• 3605 

1.2469 

.9591 

1.0061 

.9877 

1.0134 

• 9974 

1.650 

6.2866*06 

.9347 

1.4983 

208.08 

.2199 

.6393 

• 3420 

1.2885 

.9590 

1.0068 

.9873 

1.0137 

.9972 

1.700 

6.2116*08 

.9353 

1.4964 

205.84 

• 2041 

.6255 

• 3242 

1.3335 

• 9589 

1.0074 

.9870 

1.0140 

.9970 

1.750 

6.1296*08 

• 9360 

1.4946 

203.62 

• 1893 

.6119 

.3072 

1.3821 

.9588 

1.0080 

• 9867 

1.0142 

• 9969 

1.800 

6.0426*08 

.9367 

1.4927 

201.41 

.1755 

.5985 

.2909 

1.4343 

.9588 

1.0085 

• 9863 

1.0143 

• 9966 

1.850 

5.9496*08 

.9375 

1.4909 

199.21 

• 1627 

.5853 

.2754 

1.4903 

.9588 

1.0089 

• 9860 

1.0143 

• 9968 

1.900 

5.6516*08 

.9382 

1.4892 

197.03 

• 1506 

.5724 

.2607 

1.5503 

• 9588 

1.0093 

• 9856 

1.0142 

• 9968 

1.950 

5.7506*08 

• 9389 

1.4875 

194.87 

.1395 

.5597 

• 2466 

1.6143 

.95 89 

1.0095 

• 9853 

1.0141 

.9969 

2.000 

5.6456*08 

.9396 

1.4859 

192.73 

• 1291 

.5472 

.2333 

1.6825 

.9589 

1.0097 

.9849 

1.0139 

• 9971 


--4 
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table I 


AEAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




H 

. TT » 

175 K 

PT » 25 

ATM 

OT » 53. 

502 KGN/M3 

CONTINUED 




NACH 

REY/M 

1 

GAMMA 

H 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A« 

w 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/DT 

GAS VALUES- 

A/A* 

C.OOO 

0. 

.9116 

1.5950 

262.45 

1.0000 

1.0000 

1.0000 

I 

.9733 

1.0000 

1.0000 

1.0000 

I 

.050 

5.603£*^07 

.9116 

1.5949 

262.37 

.9963 

.9995 

.9989 

11.4607 

.9732 

I.OOOO 

1.0000 

1.0001 

.9887 

• 100 

1.117Efr08 

.9115 

1.5947 

262.11 

.9928 

.9978 

.9951 

5.7579 

.9730 

.9998 

• 9998 

1.0001 

.9890 

• 150 

1.667E»08 

• 9114 

1.5943 

261.67 

.9840 

.9951 

.9890 

3.8685 

.9726 

.9996 

.9996 

1.0002 

• 9893 

• 200 

2.207e*06 

• 9113 

1.5937 

261.07 

.9716 

.9914 

.9804 

2.9337 

.9720 

.9990 

.9993 

1.0001 

.9899 

• 250 

2.733E*-0a 

• 9111 

1.5930 

260.31 

• 9560 

.9866 

.9696 

2.3800 

.9714 

.9985 

.9989 

1.0002 

• 9906 

• 300 

3.243E«>08 

.9109 

1.5921 

259.39 

.9376 

.9808 

• 9566 

2.0173 

.9706 

.9980 

.9985 

1.0003 

.9913 

.350 

3.735E*-08 

.9107 

1.5911 

256.32 

•9164 

.9741 

.9417 

1.7639 

.9696 

.9974 

• 9980 

1.0004 

.9921 

.400 

4.205Ei*08 

.9105 

1.5899 

257.11 

• 8926 

• 9665 

.9247 

1.5792 

• 9686 

• 9966 

.9976 

1.0004 

• 9931 

• 450 

4.652Ef0a 

.9102 

1.5885 

255.77 

• 8663 

.9581 

• 9061 

1.4400 

.9675 

.9960 

.9969 

1.0006 

• 9940 

• 500 

5.075Ef08 

• 9100 

1.5871 

254.31 

.8391 

.9488 

• 8860 

1.3330 

• 9664 

• 9954 

• 9962 

1.0009 

• 9949 

• 550 

5.471EI-08 

• 9098 

1.5854 

252.74 

• 8100 

.9388 

.8645 

1.2497 

.9652 

.9949 

.9956 

1.0012 

.9958 

• 600 

5.840E^0e 

.9096 

1.5837 

251.06 

.7796 

.9282 

.8419 

1.1842 

.9640 

.9944 

.9950 

1.0017 

• 9966 

»650 

6.182E«‘08 

.9094 

1.5818 

249 . 29 

.7686 

.9169 

.8182 

1.1327 

.9628 

.9941 

.9943 

1.0022 

.9974 

.700 

6.A95E»08 

.9093 

1.5799 

247.44 

.7165 

.9050 

.7938 

1.0923 

.9615 

.9939 

.9937 

1.0028 

.9901 

.750 

6.780E«“J8 

.9092 

1.5778 

245.51 

• 6843 

.8927 

.7687 

1.0610 

• 9603 

.9939 

•9931 

1.0034 

.9987 

• 800 

7.037E#-08 

.9091 

1.5756 

243.52 

• 6520 

.0799 

.7431 

1.0374 

.9591 

.9939 

.9925 

1.0042 

.9992 

.850 

7.2656^-08 

.9091 

1.5733 

241.47 

• 6199 

• 8667 

.7172 

1.0202 

• 9580 

.9941 

.9919 

1.0050 

.9995 

• 900 

7.467EI-08 

.9091 

1.5709 

239.37 

.5860 

• 6531 

.6911 

1.0087 

.9569 

.9945 

.9913 

1.0059 

.9998 

.950 

7. 6426^08 

.9092 

1.5685 

237.22 

.5567 

.8393 

.6650 

1.0021 

.9558 

.9950 

.9908 

1.0066 

1.0000 

1.000 

7.791E*-08 

• 9094 

1.5660 

235.05 

• 5260 

.8252 

.6389 

1.0000 

.9549 

.9956 

.9903 

1.0076 

1.0000 

1.050 

7.915E*-08 

.9096 

1.5634 

232.84 

.4961 

• 8110 

• 6130 

1.0020 

.95 39 

• 9 964 

.9898 

1.0089 

.9999 

1.100 

8.015E<-08 

.9099 

1.5608 

230.61 

.4671 

.7966 

.5875 

1.0077 

.9531 

.9973 

.9893 

1.0099 

.9998 

1.150 

8.093E4-08 

.9102 

1.5582 

228.36 

.4390 

.7820 

.5623 

1.0X70 

.9523 

.9982 

.9889 

1.0110 

.9996 

1.200 

8.1496^08 

.9106 

1.5555 

226.10 

• 4121 

.7674 

.5375 

1.0297 

• 9516 

.9992 

•9884 

1.0120 

.9993 

1.250 

8.185E«-08 

.9110 

1.5528 

223.62 

• 3862 

.7528 

.5133 

1.0457 

.9509 

1.0003 

.9880 

1.0131 

.9989 

1.300 

8.203E«-08 

.9115 

1.5501 

221.55 

• 3614 

.7381 

.4897 

1.0648 

.9504 

1.0015 

•9876 

1.0141 

.9986 

1.350 

8.202E«-08 

.9121 

1.5474 

219.27 

.3379 

.7235 

.4667 

1.0870 

.9498 

1.0026 

.9872 

1.0150 

• 9982 

1.400 

8.185E*J8 

.9127 

1.5447 

216.99 

.3154 

.7090 

• 4444 

1.1124 

• 9494 

1.0J38 

.9069 

1.0159 

.9977 

1.450 

8.153E«-08 

.9133 

1.5420 

214.71 

.2942 

.6945 

• 4228 

1.1409 

.9490 

1.0049 

.9865 

1.0166 

.9973 

1.500 

8.106E«-08 

• 9140 

1.5393 

212.44 

.2741 

• 6801 

.4019 

1.1725 

.9487 

1.0361 

.9861 

1.0175 

• 9969 

1.550 

8.047E4-08 

.9147 

1.5367 

210.18 

• 2551 

• 6658 

• 3816 

1.2074 

• 9484 

1.0071 

.9857 

1.0162 

.9965 

1.600 

7.976E*08 

.9155 

1.5341 

207.94 

.2372 

• 6517 

• 3624 

1.2455 

.9482 

1.0082 

.9 054 

1.0188 

.9962 

1.650 

7.8946I-08 

• 9163 

1.5315 

205.71 

• 2204 

• 6378 

• 3438 

1.2870 

.9480 

1.0090 

• 9650 

1.0191 

• 9961 

1.700 

7.803E«-08 

.9171 

1.5290 

203.48 

• 2046 

.6240 

• 3260 

1.3318 

.9479 

1.0098 

.9846 

1.0195 

.9958 

1.750 

7.703E>08 

.9179 

1.5265 

201.28 

.1899 

• 6104 

• 3069 

1.3603 

.9478 

1.0106 

•9642 

1.0198 

.9956 

1.800 

7.596Efr08 

.9188 

1.5241 

199.08 

.1761 

.5970 

• 2926 

1.4323 

.9477 

1.0114 

• 9636 

1.0200 

.9955 

1.850 

7.482Ef08 

.9196 

1.5218 

196.91 

• 1632 

• 5838 

.2770 

1.4882 

.9477 

1.0120 

.9634 

1.0201 

• 9955 

1.900 

7.3626*08 

• 9205 

1.5195 

194.76 

• 1511 

.5709 

• 2622 

1.5480 

.9477 

1.0125 

• 9630 

1.0200 

.9955 

1.950 

7.237E*08 

.9214 

1.5173 

192.62 

.1399 

.5581 

• 2461 

1.6119 

.9478 

1.0L29 

.9825 

1.0199 

• 9956 

2.000 

7.1076*08 

• 9223 

1.5151 

190.51 

.1295 

• 5456 

• 2346 

1.6801 

.9478 

1.0132 

• 9821 

1.0196 

.9950 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





H. TT = 

175 K 

PT = 30 

ATM 

OT * 65. 

458 KGM/M3 

CONCLUDED 




MACH 

REY/M 

1 

GAMMA 

W 

M/sec 

P/PT 

T/TT 

0/DT 

A/A» 

W 

P/PT 

►RELATIVE 

T/TT 
TO IDEAL 

0/DT 

GAS VALUES’ 

A/A* 

0.000 

0. 

.8941 

1.6454 

261.56 

l.GOOO 

1.0000 

1.0000 

I 

.9700 

1.0000 

1.0000 

1.0000 

I 

.050 

6.712E»07 

.8941 

1.6453 

261.47 

.9983 

.9995 

.9909 

11.4181 

.9699 

1.0000 

1.0000 

1.0001 

• 9850 

.100 

1.338E*08 

.8940 

1.6450 

261.19 

.992 8 

.9978 

.9951 

5.7371 

.9696 

• 9998 

.9998 

l.OQOl 

• 9854 

.150 

1.997E*-08 

.8938 

1.6446 

260.72 

.9837 

.9950 

.9889 

3.8554 

• 9690 

.9993 

.9995 

1.0001 

.9860 

• 200 

2.643E«‘08 

• 6936 

1.6439 

260.07 

.9713 

.9912 

.9804 

2.9239 

.96 83 

.<;9e7 

.9992 

1.0001 

• 9866 

.'250 


• 8933 

1.6432 

259.26 

.9556 

.9864 

.9696 

2.3725 

.9674 

.9981 

.9987 

1.0002 

• 9874 

• 300 

3.884E4'08 

• 8930 

1.6421 

258.27 

.9368 

.9805 

.9566 

2.0117 

.9664 

.9972 

.9982 

1.0002 

.9885 

.350 

4.473EF08 

.8927 

1.6410 

257.13 

.9154 

.9737 

.9416 

1.7595 

.9652 

.9963 

.9976 

1.0004 

.9896 

• 400 

5.036E«-08 

.8923 

1.6397 

255.84 

.8916 

• 9660 

.9240 

1.5755 

.9638 

.9955 

.9969 

1.0006 

.9908 

.450 

5.572E«-08 

.8919 

1.6362 

254.42 

• 6656 

.9575 

.9063 

1.4370 

.9624 

.9947 

.9962 

1.0008 

.9920 

.500 

b.OTSEi-OS 

.8915 

1.6365 

252.87 

.8379 

.9481 

.8862 

1.3307 

.9609 

.9939 

.9955 

1.0012 

.9932 

.550 

6.553E»08 

.8912 

1.6347 

251.20 

. 8006 

.9380 

• 8649 

1.2478 

.9593 

.9932 

.9948 

1.0017 

.9943 

• 600 

6.995E«-08 

.8908 

1.6327 

249.44 

.7782 

.9273 

• 8423 

1.1827 

.9577 

.9926 

• 9940 

1.0022 

.9954 

• 650 

7.4O5E*08 

.8905 

1.6306 

247.58 

.7469 

.9159 

• 6188 

1.1316 

.9561 

.9922 

.9933 

1.0029 

• 9964 

.700 

7.781E4-08 

• 8902 

1.6283 

245.64 

.7151 

.9040 

.7945 

1.0914 

.9545 

.9919 

.9925 

1.0037 

.9973 

.750 

6.123E«'08 

• 8900 

1.6259 

243.63 

.6829 

.8915 

.7696 

1.0604 

.9529 

.9918 

.9918 

1.0046 

.9981 

• 600 

8.432E4>08 

.8896 

1.6233 

241.55 

• 65C7 

.8787 

.7441 

1.0369 

.9514 

.9919 

.9911 

1.0056 

.9987 

.850 

8.708E*'0e 

.8897 

1.6206 

239.43 

.6186 

.8654 

.7184 

1.0199 

.9499 

.9921 

.9905 

1.0067 

.9992 

.900 

8.950E+08 

.8896 

1.6178 

237.26 

• 5868 

.8519 

.6923 

1.0086 

.9485 

.9924 

.9898 

1.0076 

.9998 

.950 

9.161EF08 

.8896 

1.6149 

235.06 

.5556 

.6360 

• 6663 

1.0021 

.9471 

.9930 

.9892 

1.0089 

1.0000 

l.OOO 

9.343EF08 

.8897 

1.6119 

232.82 

.5251 

• 8239 

• 6404 

1.0000 

.9458 

.9938 

.9887 

1.0102 

1.0000 

1.050 

9.495E«'08 

.8898 

1.6089 

230.56 

.4953 

.8096 

.6147 

1.0020 

.9446 

.9948 

• 9881 

1.0115 

1.0000 

1.100 

9.618EF08 

.8901 

1.6057 

228.29 

.4665 

.7952 

.5892 

1.0077 

.9435 

.9959 

.9876 

1.0129 

• 9998 

1.150 

9.715E«*08 

.8904 

1.6025 

226.00 

.4386 

.7807 

.5642 

1.0169 

.9425 

.9971 

.9872 

1.0143 

.9995 

1.200 

9.7876*08 

.8907 

1.5993 

223.71 

• 4118 

.7661 

.5395 

1.0295 

.9415 

.9985 

.9867 

1.0157 

.9991 

1.250 

9.6346*08 

• 8912 

1.5960 

221.41 

• 3860 

.7515 

.5154 

1.0453 

.9407 

.9999 

.9863 

1.0171 

.9987 

1.300 

9.8596*08 

.8917 

1.5927 

219.11 

.3614 

.7368 

.4910 

1.0643 

.9399 

I.C013 

.9858 

1.0184 

.9982 

1.350 

9.8626*08 

• 8923 

1.5894 

216.82 

• 3380 

.7222 

• 4689 

U0864 

.9392 

1.0028 

.9054 

1.0197 

.9976 

1.400 

9.8466*08 

.8929 

1.5860 

214.53 

.3156 

.7077 

• 4466 

1.1116 

• 9386 

1.0043 

• 9850 

1.0210 

.9971 

1.450 

9.8116*08 

• 8936 

1.5827 

212.25 

• 2945 

.6932 

.42^.0 

1.1399 

.9381 

1.0U58 

.9846 

1.0221 

• 9965 

1.500 

9.7606*08 

• 8944 

1.5794 

209.98 

.2744 

.6788 

.4041 

1.1714 

.9377 

1.0073 

• 9842 

1.0231 

• 9960 

1.550 

9.6936*08 

.8952 

1.5761 

207.73 

.2555 

• 6646 

.3840 

1.2060 

• 9373 

1.0088 

• 9838 

1.0241 

.9954 

1.600 

9.6126*08 

• 8960 

1.5728 

205.48 

.2377 

• 6504 

• 3646 

1.2439 

.9370 

l.oioi 

.9834 

1.0249 

.9950 

1.650 

9.5186*08 

• 8969 

1.5696 

203.26 

.2209 

• 6365 

• 3460 

1.2851 

• 9368 

1.0114 

• 9830 

1.0256 

.9945 

1.700 

9.4126*08 

.8979 

1.5664 

201.05 

.2052 

.6227 

.3281 

1.3298 

.9366 

1.0126 

• 9826 

1.0262 

• 9942 

1.750 

9.2956*08 

• 8989 

1.5633 

198.86 

• 1904 

.6091 

• 3109 

1.3780 

.9364 

1.0136 

.9822 

1.0266 

.9939 

1.800 

9.1696*08 

.8999 

1.5603 

196.69 

• 1766 

.5957 

.2945 

1.4299 

• 9364 

1.0146 

.9817 

1.0269 

.9937 

1.850 

9.0356*08 

• 9009 

1.5573 

194.54 

.1637 

.5625 

.2789 

1.4656 

.9363 

1.0154 

• 9812 

1.0270 

• 9936 

1.900 

8.8936*08 

.9019 

1.5543 

192.41 

.1517 

• 5696 

• 2640 

1.5452 

• 9363 

1.0161 

• 9806 

1.0270 

• 9936 

1.950 

8.7456*08 

• 9030 

1.5515 

190.30 

• 1404 

• 5568 

.2497 

1.6090 

• 9363 

1.0167 

• 9803 

1.0269 

.9937 

2.000 

8.5906*08 

• 9041 

1.5487 

188.21 

• 1300 

• 5443 

• 2362 

X.6771 

.9364 

1.0171 

.9798 

1.0267 

• 9939 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OP NITROGEN 





I. 

77 ■ 200 

K PT 

» 1 ATM 

OT 

« 1.711 

KGM/M3 





MACH 

REV/H 

z 

GAMMA 

M 

P/PT 

T/TT 

0/DT 

A/A4 

W 

P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9978 

1.4047 

288.13 

1.0000 

1.0000 1 

• 0000 

I 

• 9995 

1.0000 

1.0000 

1.0000 

1 

.050 

1.907E»06 

.9978 

1.4047 

288.06 

.9982 

.9995 

• 9988 

11.5079 

.9995 

1.0000 

1.0000 

1.0000 

.9997 

• 100 

3.e02E»06 

.9978 

1.4047 

287.84 

.9930 

• 9980 

.9950 

5.8200 

.9995 

1.0000 

1.0000 

1.0000 

.9997 

.150 

5.673E«’06 

.9978 

1.4046 

287.48 

.9844 

.9955 

• 9889 

3.9092 

.9995 

1.0000 

1.0000 

1.0000 

.9997 

• 200 

7.509E«-06 

.9978 

1.4046 

286.97 

.9725 

.9920 

• 9803 

2.9626 

.9995 

1.0000 

1.0000 

1.0000 

.9997 

• 250 

9. 2976 *06 

.9978 

1.4046 

286.33 

.9574 

.9876 

.9695 

2.4020 

.9994 

1.0000 

1.0000 

1.0000 

.9997 

• 300 

1.103E»07 

.9978 

1.4046 

285.55 

.9395 

.9823 

.9564 

2.0345 

.9994 

1.0000 

.9999 

1.0001 

.9997 

.350 

1.2696*07 

.9976 

1.4045 

284.63 

• 9188 

.9760 

• 9413 

1.7775 

.9994 

1.0000 

.9999 

1.0001 

.9997 

• 400 

1.4286*07 

.9978 

1.4045 

283.59 

.8956 

.9689 

.9244 

1.5897 

.9994 

1.0000 

.9999 

1.0001 

.9997 

.450 

1.5796*07 

.9978 

1.4045 

262.42 

• 8702 

.9610 

• 9056 

1.4483 

• 9993 

1.0000 

.9999 

1.0001 

.9997 

.500 

1.7216*07 

• 9978 

1 .4044 

281.13 

• 8429 

.9522 

• 8852 

1.3397 

.9993 

.9999 

.9999 

1 • 0000 

.9999 

• 550 

1.854E^07 

.9978 

1.4044 

279.73 

• 8140 

.9428 

.8635 

1.2548 

.9993 

• 9998 

• 9996 

1.0000 

.9999 

• 600 

1.9776*07 

.9978 

1.4043 

278.21 

.7839 

.9327 

.8405 

1.1881 

• 9992 

.9998 

.9998 

1.0000 

.9999 

•650 

2.0096*07 

.9978 

1.4043 

276.60 

.7527 

.9219 

.8165 

1.1355 

.9992 

.9998 

.9998 

1.0001 

.9999 

• 700 

2.1926*07 

.9970 

1.4042 

274.88 

.7208 

.9105 

.7916 

1.0943 

.9992 

.9998 

• 9990 

1.0001 

.9999 

• 750 

2.285E#«C7 

.9978 

1.4041 

273.07 

.6884 

• 6986 

.7661 

1.0624 

.9991 

.9998 

.9997 

1.0001 

l.OOOO 

• 800 

2.367Ef07 

.9978 

1.4041 

271.18 

• 6559 

• 8863 

.7401 

1.0382 

.9991 

• 9998 

.9997 

1.0001 

1.0000 

• 850 

2. 4398^07 

.9978 

1.4040 

269.21 

.6234 

.8735 

.7137 

1.0207 

.9991 

.9998 

.9997 

1.0001 

l.OOOO 

.900 

2.5026*07 

.9978 

1.4039 

267.17 

.5911 

• 8603 

.6872 

1.0089 

.9990 

.9998 

.9996 

1.0002 

1.0000 

.950 

2.5556*07 

.9978 

1.4039 

265.05 

.5593 

.8468 

.6606 

1.0021 

.9990 

.9998 

.9996 

1.0002 

1.0000 

l.OOO 

2.5996*07 

.9978 

1.4038 

262.88 

• 5282 

• 8330 

• 6341 

l.OOOO 

.9990 

.9998 

.9996 

1.0002 

1.0000 

1.050 

2.6346*07 

.9978 

1.4037 

260.66 

.4978 

• 8190 

• 6078 

1.0020 

.9989 

• 9998 

• 9996 

1.0003 

1.0000 

1.100 

2.6606*07 

.9978 

1.4037 

258.39 

.4683 

• 8048 

.5819 

1.0079 

.9989 

• 9998 

.9996 

1.0003 

1. OOOO 

1.150 

2.6796*07 

.9978 

1.4036 

256.07 

.4398 

.7905 

.5563 

1.0174 

.9989 

.9999 

.9995 

1.0003 

1.0000 

1.200 

2.6916*07 

.9978 

1.4035 

253.72 

.4123 

.7760 

• 5313 

1.0304 

.9989 

.9999 

.9995 

1.0004 

1.0000 

1.250 

2.6956*07 

.9979 

1.4034 

251.33 

• 3860 

.7615 

• 5069 

1.0467 

• 9988 

.9999 

.9995 

1.0004 

1.0000 

1.300 

2.6946*07 

.9979 

1.4034 

248.92 

• 3609 

.7470 

.4831 

1.0663 

• 9986 

.9999 

.9995 

1.0004 

l.OOOO 

1.350 

2.6866*07 

.9979 

1.4033 

246.49 

• 3370 

.7325 

• 4600 

1.0890 

• 9988 

1.0000 

.9994 

1.0005 

• 9999 

1.400 

2.6736*07 

.9979 

1.4032 

244.04 

• 3142 

.7100 

.4376 

1.1148 

• 9988 

1.0000 

.9994 

1.0005 

.9999 

1.450 

2.6556*07 

.9979 

1.4032 

241.57 

.2927 

• 7036 

• 4160 

1.1439 

• 9988 

1.0000 

.9994 

1.0005 

.9999 

1.500 

2.6336*07 

.9979 

1.4031 

239.10 

• 2724 

• 6892 

.3952 

1.1760 

.9987 

1.0001 

.9994 

1.0006 

.9999 

1.550 

2.6076*07 

.9980 

1.4030 

236.62 

.2533 

.6750 

• 3752 

1.2114 

.9987 

l.QOOl 

.9994 

1.0006 

.9999 

1.600 

2.5786*07 

.9980 

1.4030 

234.14 

.2353 

•6610 

.3559 

1.2501 

.9987 

1.0001 

.9994 

1.0006 

.9999 

1.650 

2.5456*07 

.9980 

1.4029 

231.66 

• 2184 

.6470 

.3375 

1.2920 

.9987 

1.0002 

.9993 

1.0006 

• 9998 

1.700 

2.5106*07 

.9980 

1.4028 

229.19 

.2026 

.6333 

.3199 

1.3374 

.9907 

1.0002 

.9993 

1.0007 

.9998 

1.750 

2.4726*07 

.9980 

1.4028 

226.72 

.1879 

.6197 

• 3031 

1.3862 

.9907 

1.0002 

.9993 

U0007 

• 9998 

1.800 

2.4326*07 

.9981 

1.4027 

224.26 

.1741 

• 6064 

.2870 

1.4387 

.9987 

1.0002 

.9993 

1.0007 

.9998 

1.850 

2.391E*07 

.9981 

1.4026 

221.82 

.1612 

.5932 

.2717 

1.4949 

.9987 

1.0003 

.9993 

1.0007 

.9998 

1.900 

2.3486*07 

• 9981 

1.4026 

219.39 

• 1493 

• 5803 

.2572 

1.5549 

.9987 

1.0003 

• 9993 

1.0007 

• 9998 

1.950 

2.3046*07 

.9981 

1.4025 

216.98 

• 1362 

.5676 

.2434 

1.6189 

.9987 

1.0003 

.9993 

1.0007 

.9998 

2.000 

2.2596*07 

.9982 

1.4025 

214.58 

.1278 

.5551 

• 2302 

1.6871 

• 9987 

1.0003 

.9992 

1.0008 

• 9998 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





I. TT - 

200 K 

PT * 3 

ATM 

OT * 5. 

155 KGM/M3 

CONTINUED 




MACH 

REY/M 

Z 

GAMMA 

W 

P/PT 

T/TT 

D/OT 

A/A4 

w 

P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 





RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9935 

1.4139 

287.82 

1.0000 

1.0000 

1.0000 

I 

.9984 

1.0000 

l.OOOO 

1.0000 

I 

.050 

5.706E«>06 

.9935 

1.4139 

287,75 

.9983 

• 9995 

.9988 

11.5812 

.9984 

X.OOOO 

1.0000 

1.0000 

.9991 

.100 

1.1386«-07 

.9935 

1.4139 

287.52 

.9930 

.9960 

.9951 

5.8166 

.9984 

1.0000 

1.0000 

X.OOOO 

.9991 

.150 

1.69SE»07 

.9935 

1.4138 

287.16 

.9844 

.9955 

.9889 

3.9068 

.9984 

1.0000 

1.0000 

x.ooox 

.9991 

.200 

2.247E«^07 

.9935 

1.4138 

266.65 

.9725 

.9920 

.9804 

2.9608 

.9983 

l.QOOl 

.9999 

l.OOOl 

.9991 

.250 

2.782E»07 

.9934 

1.4137 

285.99 

.9573 

.9875 

• 9694 

2.40X1 

.9983 

.9999 

.9999 

1.0000 

.9993 

.300 

3.300E#-07 

.9934 

1.4136 

285.20 

.9393 

.9822 

.9564 

2.0338 

.9982 

.9998 

.9998 

1.0000 

.9993 

.350 

3.798Efr07 

.9934 

1.4135 

284.27 

.9186 

.9759 

.9413 

1.7770 

.9981 

.9998 

.9998 

l.OOOO 

• 9994 

• 400 

4.274E»07 

.9934 

1.4134 

283.22 

.8954 

.9687 

.9243 

1.5894 

• 9980 

.9997 

.9997 

1.0000 

.9995 

.450 

4.726E«-07 

.9934 

1.4133 

282.03 

.8700 

.9608 

.9056 

1.4481 

.9980 

.9996 

.9997 

1.0000 

• 9995 

.500 

5.15ie^07 

.9934 

1.4132 

280.73 

.8427 

.9520 

.8852 

1.3394 

.9979 

.9996 

.9996 

l.OOOl 

.9996 

.550 

5.548E«^07 

.9934 

1.4130 

279.30 

• 8138 

.9425 

.8635 

X.2546 

.9978 

.9995 

.9995 

l.OOOl 

.9997 

• 600 

5.916E*07 

.9934 

1.4129 

277.77 

.7836 

.9323 

• 8406 

1.1880 

.9977 

.9995 

.9995 

x.ooox 

.9997 

.450 

6.255E»07 

.9934 

1.4127 

276.14 

.7524 

.9215 

.8166 

1.1354 

.9976 

.9994 

.9994 

1.0002 

.9998 

.700 

5.563E»07 

.9933 

1.4125 

274.41 

.7205 

.9101 

.79X8 

1.0943 

,9974 

.9994 

.9993 

1.0002 

.9999 

.750 

6.84ie*^07 

.9933 

1.4123 

272.58 

.6862 

.8982 

.7663 

1.0624 

.9973 

.9994 

.9992 

1.0003 

.9999 

.800 

7.088E»07 

.9933 

1.4121 

270.68 

.6556 

.8858 

.7403 

1.0382 

.9972 

.9994 

.9992 

1.0003 

1.0000 

• 850 

7.306E407 

.9933 

1.4120 

268.69 

.6232 

.0730 

.7X39 

1.0207 

.9971 

.9994 

.9991 

1.0004 

1.0000 

.900 

7.494E»07 

.9934 

1.4117 

266.63 

.5909 

.8598 

.6874 

1.0089 

.9970 

.9994 

.9990 

1.0005 

1.0000 

• 950 

7.654Ef07 

.9934 

1.4115 

264.51 

.5592 

.8462 

• 6608 

1.0022 

.9969 

.9994 

.9990 

1.0006 

1.0000 

1.000 

7.786E«-07 

.9934 

1.4113 

262.33 

.5280 

.8324 

.6344 

1.0000 

.9968 

.9994 

.9989 

1.0007 

1.0000 

1.050 

7.892E^07 

.9934 

1.4111 

260.09 

.4977 

.8184 

.6081 

1.0021 

.9968 

.9995 

.9988 

1.0007 

l.OOOO 

1.100 

7.974E«^07 

.9934 

1.4109 

257.81 

.468 2 

.8042 

.5822 

1.0079 

.9967 

.9996 

.9988 

1.0006 

1.0000 

1.150 

8.032E4-07 

.9935 

1.4107 

255.49 

.4397 

.7898 

.5567 

1.0174 

.9966 

.9996 

.9987 

1.0009 

l.OOOO 

1.200 

8.0676*^07 

.9935 

1.4105 

253.13 

.4123 

.7754 

.5317 

1.0304 

.9965 

.9997 

.9987 

I. 0010 

l.OOOO 

1.250 

8.083E+07 

.9935 

1.4103 

250.74 

• 3860 

.7609 

.5073 

1.0467 

.9965 

• 9998 

.9986 

1.0011 

.9999 

1.300 

8.0796*^07 

.9936 

1.4101 

248.32 

.3609 

.7463 

.4835 

1.0662 

.9964 

.9999 

.9985 

1.0012 

.9999 

1.350 

8.0586+07 

.9936 

1.4098 

245.89 

.33 70 

.7318 

• 46^4 

1.0889 

.9963 

1.0000 

.9985 

1.0013 

• 9999 

1.400 

8.020E+07 

.9937 

1.4096 

243.43 

.3143 

.7173 

.4381 

1.1147 

.9963 

l.COOl 

.9985 

1.0014 

.9998 

1.450 

7.968E+07 

.9937 

1.4094 

240.97 

.2928 

.7029 

.4165 

1.1437 

.9963 

1. JOOL 

.9984 

1.0015 

• 9998 

1.500 

7.903E+07 

.9938 

1.4092 

238.49 

.2725 

.6685 

.3956 

1.1758 

.9962 

1.0002 

.9984 

1.0016 

.9997 

1.550 

7.826E+07 

.9938 

1.4090 

236.02 

.2534 

.6743 

.3756 

1.2112 

.9962 

1.J003 

.9983 

1.0017 

.9997 

1.600 

7.739E+07 

.9939 

1.4086 

233.54 

.2354 

• 6603 

.3564 

1.2497 

.9962 

1.0004 

.9983 

1.0016 

.9996 

1.650 

7.642E+07 

.9939 

1.4086 

231.06 

.2185 

.6463 

.3379 

1.2917 

.9961 

1.0005 

.9982 

1.0018 

.9996 

1.700 

7.537E+07 

.9940 

1.4084 

228.59 

• 2027 

.6326 

.3203 

1.3370 

.9961 

1.0006 

.9982 

1.0019 

.9996 

1.750 

7.425E+07 

.9941 

1.4083 

226.13 

.1880 

.6190 

.3035 

1.3858 

.9961 

1.0007 

.9902 

1.0019 

.9995 

1.800 

7.3076+07 

.9941 

1.4081 

223.68 

.1742 

.6057 

.2874 

1.4382 

.9961 

1.0008 

.9981 

1.0020 

.9995 

1.850 

7.184E+07 

.9942 

1.4079 

221.24 

.1613 

.5925 

.2721 

1.4943 

.9961 

1.0008 

.9981 

1.0020 

.9995 

1.900 

7.056E+07 

.9943 

1.4077 

218.81 

.1494 

.5796 

.2575 

1.5543 

• 9960 

1.0J09 

.9980 

1.0021 

.9994 

1.950 

6. 9256+07 

.9944 

1 .4076 

216.41 

.1363 

.5669 

.2437 

1.6183 

.9960 

1.0010 

.9980 

1.0021 

.9994 

2.000 

6.791E+07 

.9944 

1.4074 

214.02 

.1279 

.5544 

.2305 

1.6664 

• 9960 

1.0010 

.9980 

1.0021 

.9994 


KO 



00 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 


I. TT « 200 K PT « 5 ATM OT > 8.629 KGM/M3 CONTINUED 


MACH 

REY/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A4 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A/A4 

0.000 

0. 

.9892 

1.4234 

287.53 

1.0000 

1.0000 

1.0000 

I 

.9974 

1.0000 

1.0000 

1.0000 

I 

• 050 

9.48764-06 

.9891 

1.4233 

287.45 

• 998 3 

.9995 

.9988 

11.5746 

.9974 

1.0000 

1.0000 

1.0000 

• 9965 

• 100 

1.891E4-07 

.9891 

1.4233 

287.23 

.9931 

.9980 

.9951 

5.8133 

.9974 

1.0000 

l.OOOO 

1.0001 

.9985 

.150 

2.822E«-07 

.9891 

1.4232 

286.86 

.9845 

.9955 

• 9890 

3.9045 

.9973 

1.0001 

.9999 

1.0001 

.9985 

• 200 

3.735E4-07 

.9891 

1.4232 

286.34 

• 9724 

.9919 

.9803 

2.9596 

.9972 

.9999 

• 9999 

1.0000 

.9987 

.250 

4.625E4-07 

.9891 

1.4230 

285.67 

.5572 

.9875 

.9694 

2.3998 

.9972 

.9998 

.9998 

1.0000 

.9988 

• 300 

5.487EI-07 

.9891 

1.4229 

284.87 

.9392 

.9821 

.9564 

2.0328 

.9970 

.9997 

.9997 

1.0000 

.9989 

.350 

6.3166fr07 

• 9890 

1.4227 

283.93 

.9184 

.9757 

.9413 

1.7761 

.9969 

.9996 

.9997 

1.0001 

.9990 

• 400 

7.108E4-07 

.9890 

1.4225 

282.85 

.8952 

.9686 

.9243 

1.5887 

.9968 

.9995 

.9996 

1.0001 

.9991 

.450 

7.859EV07 

.9890 

1.4223 

281.65 

.8698 

• 9606 

.9056 

1.4475 

.9966 

.9994 

.9995 

1.0001 

.9992 

• 500 

8.567E4-07 

.9890 

1.4221 

280.33 

.8425 

.9518 

.8853 

1.3389 

.9965 

.9993 

.9993 

1.0002 

.9993 

.550 

9.228EI-07 

• 9890 

1.4219 

278.89 

.8135 

.9422 

.8636 

1.2542 

.9963 

.9992 

.9992 

1.0002 

.9994 

• 600 

9.8428^07 

.9889 

1.4216 

277.34 

.7834 

.9320 

.8407 

1.1877 

.9961 

.9992 

.9991 

1.0003 

.9996 

.650 

1.041 E 4-08 

• 9889 

1.4213 

275.69 

.7522 

.9212 

.8167 

1.1352 

.9959 

• 9991 

.9990 

1.0004 

.9997 

.700 

1.092E4.08 

.9889 

1.4210 

273.94 

.7203 

.9097 

.7919 

1.0941 

.9958 

.9991 

.9989 

1.0004 

.9997 

.750 

l.lBSEt-OB 

.9889 

1.4207 

272.10 

.6879 

.8978 

.7665 

1.0622 

.9956 

.9990 

.9988 

1.0005 

.9998 

• 800 

1.18064.08 

.9889 

1.4204 

270.18 

.6554 

.8853 

• 7405 

1.0381 

.9954 

• 9990 

.9986 

1.0007 

.9999 

.850 

1.2166 4.08 

.9889 

1.4201 

268.17 

.6229 

.8724 

.7142 

1.0206 

.9952 

.9990 

.9985 

1.0008 

.9999 

.900 

1.247E4-08 

• 9689 

1.4198 

266. 10 

.5907 

.8592 

.6877 

1.0068 

.9951 

.9991 

.9984 

1.0009 

l.OOOO 

• 950 

1.274E4-08 

.9889 

1.4194 

263.97 

.5590 

.8457 

.6611 

1.0021 

.9949 

.9991 

.9983 

1.0011 

1.0000 

1.000 

1.296E4-08 

.9889 

1.4191 

261.77 

.5279 

.8318 

.6347 

1.0000 

.9947 

• 9992 

.9982 

1.0012 

1.0000 

1.050 

1.31464-08 

• 9890 

1.4187 

259.53 

.4975 

.8178 

• 6085 

1.0020 

• 9946 

.9993 

• 9981 

1.0014 

l.OOOO 

l.lOO 

1.32884-06 

.9890 

1.4183 

257.23 

.4681 

.8035 

.5826 

1.0079 

.9945 

.9994 

• 9980 

1.0015 

1.0000 

1.150 

1.338E4-08 

• 9890 

1.4180 

254.90 

• 4396 

.7892 

.5571 

1.0174 

.9943 

.9995 

.9979 

1.0017 

.9999 

1.200 

1.344E4-08 

.9891 

1.4176 

252.54 

.4122 

.7747 

.5321 

1.0303- 

.9942 

.9996 

.9978 

1.0019 

.9999 

1.250 

1.347E4-08 

.9892 

1.4173 

250.14 

.3660 

.7602 

.5077 

1.0466 

.9941 

.9998 

.9977 

1.0020 

.9998 

1.300 

1.346E4-08 

.9892 

1.4169 

247.72 

.3609 

.7456 

.4840 

1.0660 

.9940 

.9999 

.9976 

1.0022 

.9998 

1.350 

1.343E4-08 

.9893 

1.4166 

245.28 

.3370 

.7311 

.4609 

1.0887 

.9939 

1.0001 

.9976 

1.0024 

.9997 

1.400 

1.337E4-08 

.9694 

1.4162 

242.82 

.3143 

.7166 

.4385 

1.1145 

.9938 

1.0002 

.9975 

1.0025 

.9996 

1.450 

1.32964-08 

.9895 

1.4159 

240.36 

.2929 

.7022 

• 4169 

1.1435 

.9937 

1.0003 

.9974 

1.0025 

.9997 

1.500 

1.318E4-08 

.9895 

1.4155 

237.89 

• 2726 

.6879 

• 3961 

1.1756 

.9937 

1.0004 

.9973 

1.0027 

.9996 

1.550 

1.305E4-08 

.9896 

1.4152 

235.41 

.2535 

.6736 

.3761 

1.2109 

.9936 

1.0006 

.9973 

1.0028 

.9995 

1.600 

1.291E4-08 

.9897 

1.4149 

232.94 

.2355 

• 6596 

• 3568 

1.2494 

.9936 

1.0007 

.9972 

1.0029 

.9994 

1.650 

1.2756 4.08 

.9898 

1.4145 

230.46 

.2166 

.6456 

.3364 

1.2913 

.9935 

1.0009 

.9971 

1.0031 

.9994 

1.700 

1.25864-08 

.9900 

1.4142 

228.00 

• 2029 

.6319 

• 3206 

1.3365 

.9935 

l.OOlO 

.9971 

1.0032 

.9993 

1.750 

1.23964-08 

.9901 

1.4139 

225.54 

• 1881 

.6183 

• 3039 

1.3853 

.9935 

1.00L2 

.9970 

1.0033 

.9992 

1.800 

1.22064^08 

.9902 

1.4136 

223.09 

.1743 

.6050 

• 2878 

1.4377 

.9934 

1.0013 

.9969 

1.0033 

.9992 

1.650 

1.19964-08 

.9903 

1.4133 

220.65 

.1615 

.5918 

.2725 

1.4938 

.9934 

1.0014 

.9969 

1.0034 

.9992 

1.900 

1.178E«08 

.9904 

1.4130 

218.24 

.1495 

.5789 

.2579 

1.5537 

.9934 

1.0015 

.9968 

1.0035 

• 9991 

1.950 

1.156E4^08 

.9905 

1.4127 

215.83 

• 1384 

• 5662 

.2441 

1.6176 

.9934 

1.0016 

.9968 

1.0035 

.9991 

2.000 

1.13464-08 

• 9906 

1.4125 

213.45 

.1281 

• 5538 

.2309 

1.6857 

.9934 

1.0017 

.9967 

1.0035 

.9991 



TABLE I. REAL-CAS ISENTROPIC EXPANSIONS OF NITROGEN 





I. TT * 

200 K 

PT » 8 

ATM 

OT = 13. 

896 RGM/M3 

CCMINUED 




MACH 

REy/M 

1 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

0/DT 

A/A4 

H 

P/PT 

■RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A/A» 

0.000 

0. 

.9827 

1.4379 

287.13 

l.oooo 

1 .0000 

1.0000 

1 

.9960 

l.COOO 

1.0000 

1.0000 

I 

.050 

1.513E#^07 

.9827 

1.4379 

287.05 

.9983 

.9995 

.9908 

11.5620 

.9960 

1.0100 

1.0000 

1.0000 

.9974 

.100 

3.016E»07 

• 9827 

1.4378 

266.82 

.9931 

.9980 

.9951 

5.8066 

• 9960 

1.0000 

1.0000 

1.0001 

.9974 

.150 

4.500E+07 

.9827 

1.4377 

286.44 

.9843 

.9954 

.9889 

3.9007 

.9959 

.9999 

.9999 

1.0000 

.9975 

• 200 

5.956EI-07 

.9826 

1.4376 

283.90 

.9723 

.9919 

.9803 

2.9566 

.9957 

.9998 

.9998 

1.0000 

.9977 

.250 

7.376Efr07 

.9826 

1.43T4 

285.22 

.9571 

.9874 

.9695 

2.3974 

.9956 

.9997 

.9997 

l.oooo 

.9978 

.300 

8.750Ef07 

.9826 

1.4371 

284.40 

.9390 

.9819 

.9565 

2.0309 

.9954 

.9995 

.9996 

1.0001 

.9979 

.350 

1.007Ef08 

.9825 

1.4369 

283.44 

.9182 

.9755 

.9414 

1.7746 

.9952 

.9994 

.9994 

1.0001 

.9981 

.400 

1.134E^08 

.9825 

1.4366 

282.34 

. 8949 

.9683 

.9244 

1.5874 

.9950 

.9992 

.9993 

1.0002 

• 9983 

.450 

1.254E«'08 

.9824 

1.4363 

281.11 

.8695 

.9602 

.9057 

1.4465 

.9947 

.9991 

.9991 

1.0002 

.9985 

.500 

1.367EI-08 

.9824 

1.4359 

279.76 

.6421 

.9514 

.8854 

1-3381 

.9944 

.9989 

.9990 

1.0003 

• 9907 

.550 

1.472E+08 

.9823 

1.4355 

278.29 

• 8132 

.9418 

.8638 

1.2535 

.9942 

• 9986 

.9988 

1.0004 

.9989 

.600 

1.570E*-08 

.9823 

1.4351 

276.72 

.7830 

.9315 

.8409 

1.1871 

.9939 

• 9987 

.9986 

1.0005 

.9990 

.650 

1.660E^08 

.9822 

1.4347 

275.03 

.7518 

.9206 

.8170 

1.1347 

.9936 

• 9986 

.9984 

1.0007 

.9992 

.700 

1.743£#^08 

.9822 

1.4342 

273.26 

.7199 

.9091 

.7922 

1.0937 

.9933 

.9985 

.9902 

1.0008 

.9994 

.750 

1.816E«'08 

.9822 

1.4337 

271.39 

.6874 

.8971 

.7666 

1.0621 

.9930 

.9903 

.9980 

1.0008 

• 9997 

.800 

l.BSBEf'OB 

.9822 

1.4332 

269.44 

.6549 

• 6846 

.7407 

1.0380 

.9927 

.9982 

.9978 

1.0010 

.9998 

.850 

1.941E*'08 

.9022 

1.4327 

267.41 

• 6224 

.8717 

.7144 

1.0206 

.9924 

• 9983 

.9977 

1.0011 

.9999 

.900 

1.992EfOB 

.9822 

1.4321 

265.32 

.5903 

.8584 

• 6860 

1.0088 

.9921 

• 9983 

.9975 

1.0014 

1.0000 

.950 

2.035E*08 

.9822 

1.4316 

263.16 

.5586 

.8448 

.6615 

1.0021 

.9919 

• 9984 

.9973 

1.0016 

1.0000 

1.000 

2.071E4-08 

.9822 

1.4310 

260.95 

.5275 

.0310 

.6351 

1.0000 

.9916 

.9985 

.9972 

1.0018 

1.0000 

1.050 

2.100E4-08 

.9023 

1.4304 

256.68 

• 4972 

.8169 

.6089 

1.0020 

.9914 

.9986 

.9970 

1.0021 

1.0000 

1.100 

2.122E»08 

.9823 

1.4299 

256.37 

.4678 

• 8026 

.5831 

1.0079 

.9911 

• 9986 

• 9966 

1.0024 

1.0000 

1.150 

2.138E«'08 

.9824 

1.4293 

254.03 

.4394 

.7882 

.5576 

1.0174 

.9909 

.9990 

.9967 

1.0026 

.9999 

1.200 

2.149E^08 

.9824 

1.4207 

251.65 

• 4121 

.7737 

.5327 

1.0303 

.9907 

.9992 

.9966 

1.0029 

.9998 

1.250 

2.154E4-08 

.9825 

1.4281 

249.25 

.3858 

.7592 

.5083 

1.0465 

.9905 

.9994 

.9964 

1 . 0032 

.9997 

1.300 

2.154E+08 

.9826 

1.4276 

246. 82 

• 3608 

.7446 

.4 846 

1.0659 

.9904 

• 9997 

.9963 

1.0035 

• 9996 

1.350 

2.149E«'08 

.9827 

1.4270 

244.37 

.3370 

.7301 

.4615 

1.0885 

.9902 

.9999 

.9962 

1.0037 

.9995 

1.400 

2.140Ef08 

.9829 

1.4264 

241.91 

.3143 

.7156 

.4392 

1.1142 

.9901 

1.0002 

• 9961 

1.0040 

.9994 

1.450 

2.127E«-08 

.9830 

1.4259 

239.44 

.2929 

.7011 

.4176 

1.1431 

.9900 

1.0005 

• 9960 

1.0042 

.9993 

1.500 

2.110E«‘08 

.9831 

1.4253 

236.97 

.2726 

• 6668 

.3968 

1.1751 

.9899 

1.0007 

.9959 

1.0045 

• 9991 

1.550 

2.091E4-06 

.9833 

1.4248 

234.49 

.2535 

.6726 

.3767 

1.2104 

.9898 

1.0010 

.9958 

1.0047 

.9990 

1.600 

2.068Ef08 

.9834 

1.4242 

232.02 

.2356 

.6585 

.3575 

1.2488 

.9097 

1.0013 

.9957 

1.0049 

.9989 

1.650 

2.043E+08 

• 9836 

1.4237 

229.55 

.2187 

.6446 

.3390 

1.2906 

.9896 

1.0015 

.9956 

1.0051 

.9988 

1.700 

a.oiBEi-oe 

.9838 

1.4232 

227.08 

.2030 

• 6308 

.3214 

1.3358 

.9095 

1.0018 

.9955 

1.0053 

.9987 

1.750 

1.986E<-08 

.9839 

1.4227 

224.63 

• 1882 

.6173 

.3045 

1.3845 

.9895 

1.0020 

.9954 

1.0054 

• 9986 

1.800 

1.955E4-06 

.9841 

1.4222 

222.19 

.1744 

.6039 

.2664 

1.4368 

.9895 

1.0022 

.9953 

1.0056 

• 9985 

1.850 

1. 9238^08 

.9843 

1.4217 

219,76 

• 1616 

.5900 

.2 731 

1.4928 

.9894 

1.0024 

.9952 

1.0057 

.9984 

1.900 

1.890E«‘08 

.9845 

1.4213 

217.35 

• 1496 

.5779 

.2585 

1.5527 

.9894 

1.0026 

.9951 

1.0058 

• 9983 

1.950 

1.855E«*06 

.9847 

1.4208 

214.96 

• 136 5 

.5652 

.2446 

1.6165 

.9894 

1.0027 

.9950 

1.0056 

• 9983 

2.000 

1.82084^08 

.9849 

1.4204 

212.58 

.1282 

.5527 

.2314 

1.6845 

• 9894 

1.0029 

.9949 

1.0059 

• 9982 
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TABLE I. real-gas ISENTROPIC EXPANSIONS OF NITROGEN 




1 

I. TT = 

200 K 

PT * 10 

ATM 

OT * 17. 

446 KGM/M3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

D/DT 

k/k* 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

0/DT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9784 

1.4478 

206.88 

1.0000 

1.0000 

1.0000 

I 

.9952 

1.0000 

1.0000 

1.0000 

1 

• 050 

l.SSTEi-OT 

.9784 

1.4478 

286.81 

.9983 

.9995 

.9986 

11.5527 

.9952 

1.0000 

1.0000 

1.0000 

.9967 

.100 

3.762E*07 

.9784 

1.4477 

286.57 

.9931 

.9979 

.9952 

5.8022 

.9951 

1.3001 

• 9999 

1.0001 

• 9966 

.150 

5.613Ef07 

.9784 

1.4476 

286.18 

.9842 

.9954 

.9889 

3.8981 

.9950 

.9998 

.9999 

l.OOOO 

.9969 

• 200 

7.430E»07 

.9784 

1.4474 

285.64 

.9722 

.9918 

.9803 

2.9546 

.9948 

.9997 

.9998 

1.0000 

.9970 

.250 

9.201E4-07 

.9783 

1.4472 

284.95 

.9570 

.9873 

.9695 

2.3959 

.9946 

.9996 

.9996 

l.OOOl 

.9972 

.300 

1.092EI-08 

.9783 

1.4469 

284.11 

.9389 

.9818 

.9565 

2.0297 

.9944 

.9994 

.9995 

1.0001 

.9974 

.350 

1.257E*08 

.9782 

1.4466 

283.13 

.9180 

.9754 

.9414 

1.7737 

.9941 

.9992 

.9993 

1.0002 

.9976 

• 400 

1.414Ef08 

.9781 

1.4462 

282.01 

.8947 

.9681 

.9 245 

1.5867 

.9938 

.9990 

.9991 

1.0002 

.9978 

.450 

l.564E*-08 

.9781 

1.4458 

280.77 

• 8692 

.9600 

.9058 

1.4459 

.9935 

.9988 

.9989 

1.0003 

• 9981 

.500 

l.705E*08 

.9780 

1.4454 

279.40 

.8419 

.9511 

.8855 

1.3375 

.9931 

.9987 

.9987 

1.0004 

.9983 

.550 

l.837E*-08 

.9779 

1.4449 

277.91 

. 8128 

.9415 

.8637 

1.2534 

.9928 

.9983 

.9985 

1.0003 

.9987 

.600 

1.959E«-08 

.9779 

1.4443 

276.31 

.7825 

.9312 

.8409 

1.1870 

.9924 

.9981 

.9982 

1.0005 

.9990 

.650 

2.0726f08 

.9778 

1.4438 

274.61 

.7513 

.9203 

.8170 

1.1347 

.9920 

.9980 

.9980 

1.0006 

.9992 

.700 

2.174Ef08 

.9778 

1.4432 

272.81 

.7194 

.9067 

.7922 

1.0938 

.9917 

.9979 

.9970 

1.0006 

.9994 

.750 

2.267Ef08 

.9777 

1.4426 

270.93 

.6871 

.8967 

.7668 

1.0620 

.9913 

.9978 

.9975 

1.0010 

.9996 

.800 

2.350E4-08 

.9777 

1.4420 

268.96 

• 6546 

.8842 

.7409 

1.0380 

.9909 

.9978 

.9973 

1.0012 

.9998 

.850 

2.423E**08 

.9777 

1.4413 

266.91 

.6221 

.0712 

.7147 

1.0205 

.9905 

.9978 

.9971 

1.0015 

.9999 

.900 

2.486E<-08 

.9777 

1.4406 

264.80 

.5900 

.8579 

• 6883 

1.0088 

.9902 

.9978 

.9969 

1.0017 

1.0000 

.950 

2.54lE*-08 

.9777 

1.4399 

262.63 

.5583 

.8443 

.6618 

1.0022 

.9898 

.9979 

.9967 

1.0020 

1.0000 

1.000 

2.586E4-08 

.9777 

1.4392 

260.40 

.5273 

.8304 

.6354 

l.OOOO 

.9895 

.9981 

.9965 

1.0024 

1.0000 

1.050 

2.622e«*08 

.9777 

1.4385 

258.12 

.4970 

.8163 

.6093 

1.0020 

.9892 

.9982 

.9963 

1.0027 

l.OOOO 

1.100 

2.651E4-08 

.9778 

1.4378 

255.80 

• 4676 

.8020 

.5835 

1 .0079 

.9889 

.9985 

.9961 

1.0030 

1.0000 

1.150 

2.672E<-08 

.9779 

1.4371 

253.45 

.4393 

.7876 

.5580 

1.0173 

.9887 

.9987 

.9959 

1.0034 

.9999 

1.200 

2.685Ef08 

.9780 

1.4364 

251.06 

.4120 

.7731 

.5331 

1.0302 

.9884 

.9990 

.9958 

1.0037 

.9998 

1.250 

2.691E*08 

.9781 

1.4356 

248.65 

.3858 

• 7586 

.5088 

1.0464 

.9882 

.9993 

.9956 

1.0041 

.9997 

1.300 

2.692E«‘08 

.9782 

1.4349 

246.22 

.3608 

.7440 

.4850 

1.0650 

• 9860 

.9996 

.9955 

1.0044 

.9995 

1.350 

2.686E4>08 

.9783 

1.4342 

243.77 

.3370 

.7294 

.4620 

1.0884 

.9878 

.9999 

.9953 

1.0046 

.9994 

1.400 

2.675EI-08 

.9785 

1.4335 

241.30 

.3143 

.7149 

.4397 

1.1141 

.9876 

1.0003 

.9952 

1.0051 

.9992 

1.450 

2.660E*-08 

.9786 

1.4328 

238.83 

.2929 

.7005 

.4181 

1.1429 

.9874 

1.0J06 

.9950 

1.0054 

• 9991 

1.500 

2.639Ef08 

.9788 

1.4321 

236.36 

.2727 

•6661 

.3973 

1.1749 

.9873 

1.0010 

.9949 

1.0057 

.9989 

1.550 

2.615E*^08 

.9790 

1.4314 

233.88 

.2536 

.6719 

.3772 

1.2100 

.9872 

1.0013 

• 9948 

1.0060 

.9987 

1.600 

2.587E<‘08 

.9792 

1.4307 

231.41 

.2357 

.6578 

.3580 

1.2485 

.9871 

1.0016 

.9946 

1.0063 

.9986 

1.6 50 

2.556E«*08 

.9794 

1.4300 

228.94 

.2188 

.6439 

.3395 

1.2902 

.9870 

1.0020 

.9945 

1.0065 

.9984 

1.700 

2.522Ef08 

.9796 

1.4294 

226.48 

• 2031 

.6302 

.3219 

1.3353 

• 9869 

1.0023 

.9944 

1.0067 

.9983 

1.750 

2.486E«-08 

.9798 

1.4288 

224.03 

.1883 

.6166 

.3050 

1.3839 

• 9868 

1.0026 

.9943 

1.0069 

• 9982 

1.800 

2.448E*^08 

• 9800 

1.4261 

221.59 

• 1745 

.6033 

• 2889 

1.4362 

.9868 

1.0028 

.9942 

1.0071 

• 9981 

1.850 

2.4C8Ef08 

• 9802 

1.4275 

219.17 

.1617 

.5901 

.2735 

1.4921 

.9867 

1.0031 

.9940 

1.0072 

• 9980 

1.900 

2.366E«-08 

.9805 

1.4270 

216.76 

• 1497 

.5772 

• 2589 

1.5519 

.9867 

1.0033 

.9939 

1.0074 

.9979 

1.950 

2.323E4'08 

.9807 

1.4264 

214.37 

• 1386 

.5645 

• 2450 

1.6157 

.9867 

1.0035 

• 9938 

1.0075 

.9978 

2.000 

2.279E*08 

.9809 

1.4258 

212.00 

.1283 

.5520 

.2318 

1.6837 

.9867 

1.0037 

.9937 

1.0075 

.9978 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





I. TT * 

200 K 

PT * 15 

ATM 

OT « 26. 

454 KGM/M3 

CONTINUED 




MACH 

RE7/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

D/OT 

A/A* 

w 

P/PT 

■RELATIVE 

T/TT 
TO IDEAL 

C/OT A/A* 

GAS VALUES 

0.000 

0. 

.9679 

1.4735 

286.37 

1.0000 

1 .0000 

l.OOOO 

I 

.9934 

l.OOOO 

l.OOOO 

1.0000 

I 

• 050 

2.818E»07 

.9679 

1.4735 

286.29 

.9983 

.9995 

• 9988 

11.5300 

.9934 

1.0000 

1.0000 

1.0001 

.9947 

• 100 

5.6l7£fr07 

.9679 

1.4734 

266.04 

.9929 

.9979 

.9950 

5.7918 

.9932 

.9999 

.9999 

1.0000 

• 9948 

.150 

8.382E*07 

.9678 

1.4732 

265.63 

.9842 

.9953 

• 9889 

3.8908 

.9931 

.9997 

• 9998 

l.OOOO 

.9950 

.200 

1.109E«^08 

.9677 

1.4729 

285.06 

.9721 

.9917 

.9804 

2.9493 

• 9928 

.9996 

• 9996 

1.0001 

.9952 

.250 

l.374E*-08 

.9677 

1.4726 

284.34 

.9568 

.9871 

.9696 

2.3918 

.9925 

.9993 

.9995 

1.0001 

♦ 9955 

• 300 

l.630E«'08 

.9675 

1.4722 

283.46 

.9386 

.9816 

.9566 

2.0265 

.9921 

.9991 

.9992 

1 .0002 

.9958 

.350 

l.876E«>08 

.9674 

1.4717 

282.44 

.9175 

.9751 

.9414 

1.7714 

.9917 

.9986 

.9990 

l.OOOl 

.9963 

•400 

2.112E4*08 

• 9673 

1.4711 

281.27 

.8941 

.9677 

.9245 

1.5849 

.9912 

.9983 

.9987 

1.0002 

.9967 

.450 

2.336E«^08 

.9672 

1.4705 

279.97 

.8685 

.9595 

.9058 

1.4445 

.9907 

.9979 

.9984 

1.0003 

.9971 

.500 

2.546E«'08 

.9671 

1.4699 

278. 55 

• 6410 

.9505 

.8855 

1.3366 

.9901 

.9976 

.9981 

1.0004 

.9976 

.550 

2.744E>08 

• 9669 

1.4692 

277.01 

.8120 

.9408 

.8639 

1.2524 

.9896 

.9973 

.9977 

1.0006 

.9980 

.600 

2.9276*08 

• 9668 

1.4684 

275.35 

.7817 

.9304 

• 6411 

1.1663 

.9090 

.9970 

.9474 

1.0008 

.9984 

.650 

3.0956*08 

.9667 

1.4676 

273.60 

.7504 

.9194 

.8173 

1.1342 

.9884 

.9968 

.9970 

1.0010 

.9907 

.700 

3.249E«'08 

• 9666 

1.4667 

271.74 

.7185 

.9077 

.7926 

1.0933 

.9878 

.9966 

.9967 

1.0013 

.9991 

.750 

3.389E4>08 

.9665 

1.4658 

269.80 

• 6862 

.8956 

.7673 

1.0617 

.9872 

• 9965 

.9964 

1.0016 

.9993 

• 800 

3.5l3Ef08 

• 9664 

1.4648 

267.78 

.6537 

.8830 

.7415 

1.0379 

• 9866 

.9964 

• 9960 

1.0019 

.9996 

• 850 

3.623E«^08 

.9664 

1.4638 

265.69 

.6213 

.8700 

.7153 

1.0205 

• 9660 

.9964 

.9957 

1.0023 

.9998 

• 900 

3.719E»08 

.9663 

1.4628 

263.53 

.5893 

• 8566 

• 6890 

1.0088 

.9854 

.9965 

.9954 

1.0028 

1.0000 

• 950 

3.801E«'08 

.9663 

1.4618 

261.32 

.5577 

• 8430 

• 6626 

1.0022 

.9849 

• 9967 

• 9951 

1.0033 

1.0000 

1.000 

3.870E«'08 

• 9663 

1.4607 

259.05 

.5267 

.8290 

• 6364 

1.0001 

.9844 

.9969 

-9948 

1.0037 

1.0001 

1.050 

3.926E4-08 

• 9664 

1.4597 

256.74 

.4965 

.8149 

• 6103 

1.0021 

.9839 

.9972 

• 9945 

1.0043 

l.OOOO 

1.100 

3.970Ef08 

• 9664 

1.4586 

254.39 

.467 2 

• 8006 

.5845 

1.0079 

.9834 

.9975 

.9943 

1.0048 

l.OOOO 

1.150 

4.002E«^Od 

• 9665 

1.4575 

252.00 

.4390 

.7861 

.5592 

1.0173 

.9830 

.9979 

• 9940 

1.0054 

.9998 

1.200 

4.024E«>08 

• 9666 

1.4564 

249.59 

.4117 

.7716 

.5343 

1.0301 

.9826 

.9983 

.9938 

1.0059 

.9997 

1.250 

4.035E«'08 

.9667 

1.4553 

247.16 

• 3856 

.7570 

.5100 

1.0462 

.9822 

• 9988 

.9936 

1.0065 

.9995 

1.300 

4.037E*08 

• 9669 

1.4542 

244.71 

.3607 

.7424 

• 4663 

1.0655 

.9819 

.9993 

• 9934 

1.0070 

.9993 

1.350 

4.030E«'08 

.9671 

1.4531 

242.25 

.3370 

.7279 

.4633 

1.0680 

.9816 

.9998 

.9932 

1.0076 

.9991 

1.400 

4.016E«>08 

.9673 

1.4520 

239.78 

• 3144 

.7134 

.4410 

1.1136 

.9813 

1.0004 

.9930 

1.0081 

.9988 

1.450 

3.993Ef‘08 

.9675 

1.4509 

237.30 

• 2930 

.6989 

.4194 

1.1423 

.9811 

1.0009 

.9928 

1.0086 

.9966 

1.500 

3.965E«*08 

.9677 

1.4499 

234. 62 

.2728 

• 6846 

• 3986 

1.1741 

.9809 

1.0015 

• 9926 

1.0091 

.9983 

1.550 

3.930E«^08 

.9680 

1.4488 

232.34 

• 2538 

.6703 

.3786 

1.2091 

.9807 

1.0020 

.9924 

1.0096 

.9980 

1.600 

3.889E«'08 

• 9683 

1.4478 

229.87 

• 2359 

• 6563 

.3593 

1.2474 

.9805 

1.0026 

.9922 

I. 0100 

.9978 

1.650 

3.844E08 

• 9686 

1.4467 

227.41 

.2191 

.6423 

• 3408 

1.2890 

.9804 

1.0031 

• 9921 

1.0104 

.9975 

1.700 

3.795E«'08 

.9689 

1.4458 

224.95 

.2033 

•6286 

.3232 

1.3340 

.9802 

1.0036 

.9919 

1.0108 

.9973 

1.750 

3.742E«^08 

• 9692 

1.4448 

222.51 

• 1886 

.6150 

• 3062 

1.3824 

.9801 

1.0040 

.9917 

l.OUl 

.9971 

1.800 

3.685E»08 

.9695 

1.4438 

220.08 

• 1748 

.6017 

• 2901 

1.4345 

.9801 

1.0045 

• 9916 

1.0113 

.9969 

1.850 

3.626E«^08 

• 9698 

1.4429 

217.67 

• 1620 

• 5886 

• 2747 

1.4903 

.9800 

1.0048 

.9914 

1.0116 

.9968 

1.900 

3.564E4>08 

.9702 

1.4420 

215.28 

• 1500 

.5756 

• 2600 

1.5499 

.9799 

1.0052 

• 9912 

1.0118 

• 9966 

1.950 

3.500Ef08 

.9705 

1.4411 

212.90 

• 1389 

• 5630 

• 2461 

1.6136 

.9799 

1.0055 

.9910 

1.0119 

.9965 

2.000 

3.435E«^08 

.9709 

1.4403 

210.55 

• 1286 

.5505 

• 2328 

1.6814 

.9799 

1.0058 

•9909 

1.0120 

• 9965 
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TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




1 

:. TT = 

200 K 

PT » 20 

ATM 

□T * 35. 

653 KGM/M3 

CONTINUED 




MACH 

RET/M 

L 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ A* 

U 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A/A4 

0.300 

0. 

.9576 

1.5005 

285.99 

1. 0000 

1.0000 

1.0000 

I 

.9921 

1.0000 

1.0000 

1.0000 

1 

.050 

3.743E«-07 

.9576 

1.5004 

285.90 

.9983 

.9995 

.9988 

11.5049 

.9920 

l.COOO 

1.0000 

1.0001 

.9925 

.100 

7.46lE«-07 

.9575 

1.5003 

285.64 

.9929 

.9979 

.9951 

5.7795 

.9919 

• 9998 

.9999 

1.0000 

• 9927 

• 150 

1.113E«'08 

.9574 

1.5000 

285.21 

.9841 

.9953 

.9889 

3.8828 

.9916 

.9997 

.9997 

1.0001 

.9929 

.200 

1.474E»08 

.9573 

1.4997 

284.62 

.S719 

.9916 

.9804 

2.9435 

.9913 

.9994 

.9995 

1.0001 

• 9932 

• 250 

1.625E«^08 

.9572 

1.4992 

283.85 

• 9564 

.9869 

.9695 

2.3878 

• 9908 

.9989 

.9993 

1.0001 

.9938 

• 300 

2.165Ef08 

.9570 

1.4987 

282.93 

.9380 

.9813 

.9565 

2.0234 

.9903 

.9985 

.9990 

1.0001 

.9943 

• 350 

2.492E*08 

• 9568 

1.4981 

281.86 

.9169 

.9747 

.9415 

1.7687 

.9897 

• 9980 

•9986 

1.0002 

.9948 

• 400 

2.805EI-08 

.9566 

1.4974 

280.64 

.8934 

.9673 

.9245 

1.5628 

.9890 

.9975 

.9982 

1.0003 

.9954 

.450 

3.103Ef08 

.9564 

1.4966 

279.28 

. 8677 

.9590 

.9059 

1.4426 

•9882 

.9971 

.9978 

1.0004 

.9960 

.500 

3.383E«'08 

• 9562 

1.4957 

277.80 

.8401 

.9499 

.8857 

1.3352 

.9875 

.9966 

.9974 

1.0006 

.9966 

.550 

3.645E«^08 

.9560 

1.4948 

276.19 

.8110 

.9401 

• 8642 

1.2514 

.9867 

.9962 

.9970 

1.0009 

.9972 

.600 

3.889E«-08 

.9558 

1.4938 

274.48 

.7807 

.9296 

.8414 

1.1855 

.9858 

.9958 

.9965 

1.0011 

.9977 

.650 

4.113E+08 

.9556 

1.4927 

272.66 

.7494 

.9185 

.8177 

1.1336 

.9850 

.9955 

.9961 

1.0015 

• 9982 

.700 

4.319E^08 

.9554 

1.4916 

270.74 

.7175 

•9068 

.7931 

1.092*9 

.9841 

.9952 

.9956 

1.0019 

.9987 

.750 

4.504E4-08 

.9552 

1.4904 

268.74 

.6852 

.8946 

.7678 

1.0614 

.9833 

.9951 

.9952 

1.0024 

.9991 

• 800 

4.671E»08 

.9551 

1.4891 

266.66 

• 6528 

.8819 

.7421 

1.0376 

.9824 

• 9950 

.9948 

1.0029 

.9994 

.850 

4.813E«^08 

.9550 

1.4878 

264.51 

.6204 

• 8688 

.7161 

1.0203 

.9816 

.9951 

.9943 

1.0035 

.9997 

.900 

4.947E«'08 

.9549 

1.4865 

262.30 

• 5884 

.8554 

• 6698 

1.0067 

.9608 

.9952 

.9940 

1.0041 

.9999 

.950 

5.057E«'08 

.9548 

1.4851 

260.03 

.5569 

.8417 

.6636 

1.0021 

.9801 

.9954 

.9936 

1.0047 

1.0000 

1.000 

5.150E4-08 

.9548 

1.4837 

257.72 

.5260 

.8277 

• 6374 

1.0000 

.9794 

.9957 

.9932 

1.0055 

1.0000 

1.050 

5. 2278^08 

.9548 

1.4822 

255.37 

.4959 

• 6135 

.6114 

1.0020 

.9787 

• 9961 

.9929 

1.0062 

1.0000 

1.100 

5.287E»08 

.9548 

1.4808 

252.98 

.4668 

.7991 

.5857 

1.0078 

.9780 

.9966 

.9925 

1.0070 

.9999 

1.150 

5.331Ef08 

.9549 

1.4793 

250.57 

• 4386 

.7847 

.5605 

1.0171 

.9774 

.9972 

.9922 

1.0078 

.9997 

1.200 

5.362E4-08 

.9550 

1.4778 

248.13 

.4115 

.7701 

.5357 

1.0299 

.9769 

.9978 

.9919 

1.0086 

.9995 

1.250 

5.379Ef08 

.9552 

1.4764 

245.67 

.3855 

.7556 

.5114 

1.0459 

.9763 

.9984 

.9917 

1.0094 

.9992 

1.300 

5.384E4-08 

.9553 

1.4749 

243.20 

• 3606 

.7410 

.4878 

1.0651 

.9759 

.9991 

.9914 

1.0101 

.9989 

1.350 

5.377E«-08 

.9556 

1.4734 

240.72 

.3369 

.7264 

• 4648 

1.0875 

.9754 

.9999 

.9912 

1.0109 

• 9985 

1.400 

5.359E»08 

.9558 

1.4719 

238.24 

.3144 

.7119 

.4425 

1.1129 

.9751 

1.0007 

.9909 

1.0117 

• 9982 

1.450 

5.332E4-08 

.9561 

1.4705 

235.75 

• 2931 

.6974 

.4210 

1.1415 

.9747 

1.0014 

.9907 

1«0124 

.9978 

1.500 

5.295E«-08 

• 9564 

1.4690 

233.27 

.2730 

.6631 

.4002 

1.1732 

.9744 

1.0022 

.9905 

1.0131 

.9975 

1.550 

5.250E*08 

.9567 

1.4676 

230.79 

.2540 

.6689 

.3601 

1.2080 

.9741 

1.0030 

• 9902 

1.0138 

.9971 

1.600 

5.198E<^08 

.9570 

1.4662 

228.32 

• 2361 

•6548 

• 3609 

1.2461 

.9739 

1.0037 

.9900 

1.0144 

.9967 

1.650 

5.140E4-08 

.9574 

1.4648 

225.86 

.2194 

• 6409 

.3424 

1.2875 

.9737 

1.0045 

• 9898 

1.0150 

• 9964 

1.700 

5.075E»08 

.9578 

1.4634 

223.41 

• 2036 

• 6271 

• 3246 

1.3326 

.9735 

1.0050 

•98.96 

1.0153 

• 9963 

1.750 

5.005E»08 

.9582 

1.4621 

220.97 

• 1889 

.6136 

.3076 

1.3809 

.9734 

1.0056 

.9894 

1.0157 

• 9960 

1.800 

4.931E»08 

.9586 

1.4608 

218.55 

• 1751 

•6002 

• 2914 

1.4328 

.9733 

1.0062 

•9892 

1.0161 

.9957 

1.850 

4.854E«‘08 

.9591 

1.4595 

216.15 

.1623 

.5871 

• 2760 

1.4884 

.9732 

1.0066 

•9889 

1.0165 

.9955 

1.900 

4.773Efr0e 

.9595 

1.4583 

213.77 

• 1504 

• 5742 

• 2613 

1.5477 

.9731 

1.0073 

•9887 

1.0167 

• 9953 

1.950 

4.689E«^08 

.9600 

1.4570 

211.41 

.1392 

• 5615 

.2473 

1.6112 

.9730 

1.0076 

• 9685 

1.0169 

• 9951 

2.000 

4.603E»08 

•9604 

1.4559 

209. 07 

• 1289 

• 5491 

• 2340 

1.6788 

.9730 

1.0082 

•9883 

i.om 

• 9950 


table I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





I. TT * 

200 K 

PT = 25 

ATM 

OT = 45. 

042 KGH/H3 

CONTI NtiEO 




HACH 

RET/M 

1 

GANHA 

W 

P/PT 

T/TT 

D/OT 

A/A* 

M 

P/PT 

T/TT 

O/OT 

A/A* 





M/SEC 







-RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9475 

1.5286 

285.77 

1.0000 

I .0000 

I .0000 

I 

.9913 

1.0000 

1.0000 

1.0000 

I 

.050 

4.664E*07 

.9474 

1.5286 

285.66 

.9983 

.9995 

.9988 

11.4748 

• 9912 

1.0000 

l.oooo 

1.0001 

*9899 

.100 

9.297E»07 

.9474 

1.5284 

285.40 

.9928 

.9979 

.9951 

5.7647 

.9910 

.9998 

.9998 

1.0001 

.9902 

.150 

l.387E»a8 

.9472 

1.5281 

284.95 

.9840 

.9952 

.9890 

3.8731 

.9907 

.9995 

.9997 

1.0001 

• 9905 

• 200 

1.836E«>08 

.9471 

1.5277 

284.31 

.9716 

.9915 

.9803 

2.9369 

.9902 

.9990 

.9994 

1.0000 

.9910 

• 250 

2.274E^08 

.9469 

1.5272 

283.51 

• 9561 

.9867 

.9695 

2.3825 

.9896 

.9985 

• 9991 

1.0001 

.9916 

• 300 

2.69dE»08 

• 9466 

1.5266 

282.54 

.9376 

.9810 

.9565 

2.0192 

.9889 

• 9980 

.9987 

1.0002 

.9922 

.350 

3.105E«'a8 

.9463 

1.5258 

281.41 

.9164 

.9744 

.9415 

1.7654 

.9881 

.9974 

.9983 

1.0003 

.9929 

• 400 

3.495E4-08 

.9461 

1.5250 

280.13 

.8927 

.9669 

.9247 

1.5601 

.9872 

.9967 

•9978 

1.0004 

.9937 

.450 

3.866E*-08 

.9457 

1.5240 

278.71 

• 8669 

.9585 

.9061 

1.4407 

• 9862 

• 9961 

.9973 

1.0006 

.9945 

• 500 

4.215E»08 

.9454 

1.5230 

277.15 

• 8392 

.9493 

.8859 

1.3335 

.9852 

.9955 

.9968 

1.0009 

.9953 

.550 

4.542E«^06 

.9451 

1.5218 

275.48 

• 8100 

.9394 

• 8644 

1.2500 

.9841 

.9949 

.9962 

1.0012 

.9960 

•600 

4.846E«>08 

.9448 

1.5206 

273.69 

.7796 

.9288 

.8418 

1.1844 

.9830 

• 9944 

.9957 

1.0016 

.9968 

.650 

5.126E«-08 

.9445 

1.5193 

271.79 

.7483 

.9176 

.8181 

1.1327 

.9819 

.9940 

.9951 

1.0020 

.9974 

.700 

5.383E+08 

.9442 

1.5179 

269.81 

.7164 

.9058 

.7936 

1.0922 

.9807 

.9937 

.9946 

1.0026 

.9981 

• 750 

5.614E*08 

.9439 

1.5164 

267.74 

•6840 

.8935 

.7683 

1.0611 

.9796 

.9933 

.9940 

1.0030 

• 9986 

• 800 

5.822E«'06 

.9437 

1.5148 

265.59 

• 6516 

• 8808 

.7427 

1.0374 

.9785 

• 9932 

.9935 

1.0037 

.9992 

.850 

G.OOTEf'OS 

.9435 

1.5132 

263.38 

.6193 

.8677 

.7168 

1.0203 

.9774 

• 9933 

.9930 

1.0044 

•9996 

.900 

6.169E»>D8 

.9433 

1.5116 

261.11 

.5874 

.8542 

.6907 

1.0087 

.9764 

.9934 

.9925 

1.0052 

• 9998 

.950 

6.30BE4'08 

• 9432 

1.5099 

258.79 

• 5560 

• 8404 

.6645 

1.0021 

.9754 

.9937 

.9921 

1.0061 

1.0000 

1.000 

6.426E«-06 

.9431 

1.5081 

256.43 

.5252 

•8264 

• 6384 

1.0000 

.9744 

.9941 

.9917 

1.0071 

1.0000 

1.050 

6.522E«^08 

.9431 

1.5063 

254.03 

.4952 

• 8122 

• 6126 

1.0020 

.9735 

.9946 

.9913 

1.0060 

1.0000 

1.100 

6.599E4-08 

.9431 

1.5045 

251.60 

•4661 

.7978 

.5870 

1.0078 

.9727 

.9952 

.9909 

1.0091 

.9998 

1.150 

6.657E«‘08 

.9431 

1.5027 

249.15 

• 4381 

.7833 

.5618 

1.0171 

.9719 

.9960 

• 9905 

1.0101 

.9996 

1.200 

6.698Ef08 

.9432 

1.5008 

246.68 

• 4111 

.7688 

.5371 

1.0298 

.9712 

• 9968 

.9902 

1.0112 

• 9993 

1.250 

6.72lEfr08 

.9434 

1.4990 

244.20 

.3852 

.7542 

.5129 

1.0457 

.9705 

• 9976 

.9899 

1.0122 

• 9990 

1.300 

6.729EI-08 

• 9436 

1.4971 

241.71 

• 3604 

.7396 

.4893 

1.0648 

• 9699 

.9986 

.9896 

1.0133 

• 9966 

1.350 

6.723E«-08 

.9438 

1.4952 

239.21 

• 3368 

.7250 

• 4664 

1.0870 

.9693 

• 9995 

.9893 

1.0143 

.9982 

1.400 

6.703E»08 

.9441 

1.4933 

236.71 

• 3144 

.7105 

.4441 

1.1123 

• 9686 

1.0006 

•9690 

1.0153 

.9977 

1.450 

6.671£*08 

.9444 

1.4915 

234.21 

.2932 

.6961 

.4226 

1.1407 

.9683 

1.0016 

.9887 

1.0163 

.9972 

1.500 

6.62dE«-08 

•9447 

1.4896 

231.72 

• 2731 

.6817 

.4018 

1.1723 

•9679 

1.0026 

.9885 

1.0172 

.9967 

1.550 

6.575E«'08 

.9451 

1.4878 

229.23 

• 2542 

.6675 

• 3818 

1.2070 

.9676 

1.0036 

.9882 

1.0181 

• 9962 

1.600 

6.5l2Efr08 

.9455 

1.4860 

226.76 

.2364 

• 6534 

• 3625 

1.2449 

.9672 

1.0046 

•9880 

1.0189 

.9957 

1.650 

6.441E«‘06 

.9459 

1.4842 

224.30 

• 2196 

.6395 

• 3440 

1.2861 

.9670 

1.0056 

.9877 

1.0197 

.9953 

1.700 

6.363E^08 

.9464 

1.4625 

221.65 

.2039 

• 6258 

• 3262 

1.3307 

.9667 

1.0065 

.9875 

1.0204 

• 9949 

1.750 

6.278E*08 

.9469 

1.4806 

219.42 

.1892 

.6123 

• 3092 

1.3788 

• 9665 

1.0073 

• 9872 

1.0210 

• 9945 

1.600 

6.167£«-08 

.9474 

1.4791 

217.01 

.1755 

.5989 

.2930 

1.4305 

• 9664 

1.0082 

.9870 

1.0215 

.9941 

1.B50 

6.092E«08 

.9479 

1.4775 

214.62 

• 1626 

.5858 

.2775 

1.4859 

.9663 

1.0089 

.9867 

1.0220 

.9938 

1.900 

5.992£«>08 

.9485 

1.4759 

212.25 

.1507 

.5729 

.2627 

1.5452 

•9662 

1.0096 

• 9865 

1.0223 

• 9935 

1.950 

5.d88E«'08 

•9490 

1.4743 

209.90 

• 1395 

.5602 

• 2487 

1.6084 

• 9661 

1.0102 

•9662 

1.0226 

• 9933 

2.000 

5.761E«^06 

.9496 

1.4728 

207.57 

.1292 

.5478 

• 2353 

1.6759 

• 9660 

1.0107 

• 9859 

1.0228 

• 9932 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 


!• TT * 200 K PT = 30 ATM DT = 5A.619 KGM/M3 CONCLUDED 


MACH 

REY/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 



P/PT 

RELATIVE 

T/TT 
TO IDEAL 

0/DT 

GAS VALUES- 

A/A^ 

0.000 

0. 

.9376 

1.5580 

285.71 

1.0000 

1.0000 

1.0000 

1 ' 

.9911 

l.OOOO 

l.OOOO 

1.0000 

1 

.050 

5.582£*-07 

.9375 

1.5580 

285.61 

.9983 

.9995 

.9989 

11.4432 

.9910 

1.0000 

l.OOOO 

1.0001 

.9872 

.100 

l.ll3Ef08 

.9374 

1.5578 

285.32 

.9928 

♦ 9978 

.9951 

5.7493 

.9907 

.9997 

.9998 

1.0001 

.9875 

.150 

1.660e*^08 

.9373 

1.5575 

264.84 

.9838 

.9951 

.9890 

3.8630 

.9903 

.9994 

.9996 

1.0002 

.9879 

.200 

2.19764-08 

.9371 

1.5570 

284.17 

.9713 

.9913 

.9803 

2.9297 

.9897 

.9988 

.9993 

1.0001 

.9886 

.250 

2.721E4-08 

.9368 

1.5564 

283.31 

.9557 

.9866 

.9695 

2.3770 

.9889 

.9981 

.9989 

1.0001 

.9893 

.300 

3.223E4-08 

.9364 

1.5557 

282.29 

• 9371 

• 9808 

.9566 

2.0149 

.9880 

.9974 

.9984 

1.0002 

.9901 

.350 

3.716E4-08 

.9361 

1.5548 

281.09 

.9157 

.9741 

.9416 

1.7620 

.9870 

.9967 

.9979 

1.0004 

.9910 

.400 

4.183E*06 

.9357 

1.5539 

279. T5 

. 8919 

.9664 

.9248 

1 .5774 

.9858 

• 9959 

.9974 

1.0006 

.9920 

.450 

4.626E4-08 

.9352 

1.5528 

278.25 

• 8660 

.9580 

• 9062 

1.4385 

.9846 

.9951 

.9968 

1.0008 

.9930 

.500 

5.04364-08 

.9348 

1.5516 

276.62 

.8381 

.9487 

• 8660 

1.3320 

.9833 

.9941 

.9961 

l.OOlO 

• 9941 

.550 

5.43464-08 

.9343 

1.5502 

274.86 

.8088 

.9387 

• 6646 

1.2488 

.9819 

.9934 

.9955 

1.0014 

.9951 

• 600 

5.798EI-08 

.9339 

1.5488 

272.99 

.7783 

.9280 

• 8420 

1.1835 

.9805 

.9927 

.9948 

1.0016 

.9961 

.650 

6.1346^08 

.9334 

1.5473 

271.02 

.7469 

.9167 

• 8184 

1.1322 

.9791 

.9922 

• 9942 

1.0024 

.9970 

.700 

6.44164-08 

.9330 

1.5457 

268.96 

.7150 

.9049 

.7940 

1.0920 

.9776 

.9917 

.9935 

1.0030 

.9978 

.750 

6.71964-08 

.9327 

1.5439 

266.81 

.6827 

• 8925 

• 7690 

1.0606 

.9762 

.9914 

.9929 

1.0038 

.9985 

.600 

6.970E4-08 

.9323 

1.5421 

264.59 

.6504 

.8797 

.7435 

1.0373 

.9748 

.9913 

.9923 

1.0047 

• 9990 

.850 

7.192E4-08 

• 9320 

1.5403 

262.31 

.6182 

• 8665 

.7177 

1.0202 

.9735 

.9914 

.9917 

1.0056 

.9995 

.900 

7.387E»08 

.9317 

1.5383 

259.98 

.5663 

• 8530 

.6917 

1.0087 

.9721 

.9916 

.9912 

1.0067 

• 9998 

.950 

7.555E4-08 

.9315 

1.5363 

257.60 

.5550 

.8392 

.6656 

1.0021 

.9709 

.9919 

.9907 

1.0078 

1.0000 

1.000 

7.698E4-08 

.9313 

1.5342 

255.18 

.5243 

.8252 

.6397 

1.0001 

.9697 

.9924 

.9902 

1.0090 

l.OOOl 

1.050 

7.816E4-08 

.9312 

1.5321 

252.73 

.4945 

.8109 

• 6139 

1.0020 

.9685 

.9931 

.9897 

1.0102 

1.0000 

1.100 

7.910E4-08 

• 9312 

1.5299 

250.25 

.4655 

.7966 

.5884 

1.0077 

.9675 

.9939 

.9893 

1.0115 

.9998 

1.150 

7.982E4-08 

.9312 

1.5277 

247.76 

.4376 

.7821 

.5634 

1.0170 

.9665 

.9948 

.9889 

1.0129 

.9996 

1.200 

8.03364-08 

.9312 

1.5255 

245.25 

.4107 

.7675 

.5387 

1.0296 

.9655 

.9958 

.9885 

1.0142 

.9992 

1.250 

8.064E4-08 

.9314 

1.5233 

242.74 

.3849 

.7529 

.5146 

1.0454 

.9647 

.9969 

• 9882 

1.0156 

.9987 

1.300 

8.077E4-08 

.9315 

1.5210 

240.22 

.3603 

• 7383 

• 4911 

1.0644 

.9639 

.9981 

.9879 

1.0169 

• 9982 

1.350 

8.07264-08 

.9317 

1.5187 

237.70 

.3368 

.7238 

• 4662 

1.0865 

.9632 

.9993 

.9876 

1.0162 

.9977 

1.400 

8.05164-08 

• 9320 

1.5165 

235.18 

.3145 

.7093 

• 4460 

1.1116 

.9625 

1.0006 

• 9873 

1.0195 

.9971 

1.450 

8. 01664-08 

.9324 

1.5142 

232.67 

.2933 

.6948 

• 4245 

1.1399 

.9619 

1.0019 

.9870 

1.0208 

• 9965 

1.500 

7.966£fr08 

.9327 

1.5120 

230.16 

.2733 

• 6805 

.4037 

1.1712 

.9614 

1.0032 

.9867 

1.0220 

.9958 

1.550 

7.90564-08 

• 9331 

1.5097 

227.67 

• 2544 

• 6663 

.3836 

1.2057 

• 9610 

1.0044 

• 9864 

1.0231 

.9952 

1.600 

7.83364-08 

.9336 

1.5075 

225.20 

• 2366 

.6522 

• 3644 

1.2434 

• 96 06 

1.0057 

• 9862 

1.0242 

.9946 

1.650 

7.7506*08 

.9341 

1.5054 

222.73 

• 2199 

• 6383 

• 3458 

1.2644 

.9602 

1.0069 

•9859 

1.0251 

• 9940 

1.700 

7.65864-08 

.9346 

1.5032 

220.29 

• 2043 

• 6246 

• 3280 

1.3288 

.9599 

1.0081 

• 9856 

1.0260 

.9934 

1.750 

7.55964-08 

.9352 

1.5011 

217.86 

• 1896 

.6111 

• 3110 

1.3766 

.9597 

1.0092 

.9853 

1.0268 

• 9929 

1.600 

7.45264-08 

.9358 

1.4990 

215.46 

.1758 

.5978 

.2947 

1.4281 

.9595 

1.0102 

• 9851 

1.0275 

.9925 

1.850 

7.33964-08 

.9364 

1.4970 

213.07 

• 1630 

.5846 

.2792 

1.4833 

.9593 

1.0112 

• 9848 

1.0281 

• 9921 

1.900 

7.22164-08 

.9371 

1.4950 

210.71 

.1511 

.5717 

• 2644 

1.5423 

.9592 

1.0121 

.9845 

1.0286 

.9917 

1.950 

7.0986*08 

.9377 

1.4931 

208.37 

.1399 

.5591 

.2502 

1 .6054 

.9591 

1.0129 

• 9842 

1.0290 

.9914 

2.000 

6.9726*08 

.9384 

1.4912 

206.06 

• 1296 

• 5466 

• 2368 

1.6726 

• 9590 

1.0136 

• 9839 

1.0293 

.9912 



TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 


J, TT * 250 K PT » I ATH OT * 1*367 KGM/M3 


HACH 

REY/M 

Z 

GANNA 

u 

H/SEC 

P/PT 

T/TT 

O/OT 

A/A« 

W 

P/PT 

-ft.ELATtVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES* 

A/A« 

0.000 

0. 

•9992 

1.4026 

222.37 

1.0000 

1.0000 

1.0000 

I 

1.0002 

1.0000 

1.0000 

1 .0000 

I 

• 050 

1.414E«>06 

.9992 

1.4028 

322.29 

.9982 

.9995 

.9987 

11.5881 

1.0002 

1.0000 

1.0000 

1.0000 

.9997 

.100 

2.82aE4’06 

.9992 

1.4028 

322.04 

.9930 

.9980 

.9950 

5.6201 

1.0002 

1.0000 

1.0000 

1.0000 

.9997 

.ISO 

4.206E«^06 

.9992 

1.4028 

321.64 

• 9844 

.9955 

.9888 

3.9092 

1.0002 

1.0000 

1.0000 

1.0000 

.9997 

•200 

5.566E^06 

.9992 

1.4026 

321.08 

.9725 

.9920 

.9803 

2.9627 

1.0002 

1.0000 

1.0000 

1.0000 

.9997 

• 250 

6.891E«>06 

.9992 

1.4028 

320.36 

.9574 

.9876 

.9694 

2.4021 

1.0002 

1. 0000 

1.0000 

I .0000 

.9997 

.300 

8.172E«^06 

.9992 

1.4028 

319.48 

.5394 

.9823 

• 9564 

2.0346 

1.0001 

.9999 

1.0000 

1.0000 

• 9998 

• 350 

9.403E*^06 

.9992 

1.4027 

313.46 

.9187 

.9760 

.9413 

1.7776 

1.0001 

.9999 

.9999 

l.OOOO 

• 9998 

•400 

1.058E»07 

.9992 

1.4027 

317.29 

. 8955 

.9689 

.9243 

1.5898 

1.0001 

.9999 

.9999 

1.0000 

.9998 

• 450 

1.169Ef07 

.9991 

1.4027 

315.99 

.8702 

• 9610 

.9055 

1.4464 

1.0001 

.9999 

•9999 

1.0000 

.9998 

.500 

1.273E»07 

.9991 

1.4027 

314.54 

.8429 

.9523 

.8852 

1.3397 

1.0000 

.9998 

.9999 

1.0000 

.9999 

.550 

1.371E*07 

.9991 

1.4026 

212.97 

.8140 

.9428 

• 8634 

1.2548 

1.0000 

• 9998 

• 9999 

l.OOOO 

.9999 

•600 

1.461EI-07 

.9991 

1.4026 

311.28 

.7838 

.9327 

.8405 

1.1881 

1.0000 

.9998 

• 9998 

1.0000 

.9999 

•650 

1.543E»a7 

.9991 

1.4026 

309.47 

.7527 

.9219 

.8165 

1.1355 

.9999 

.9998 

.9998 

1.0001 

.9999 

.700 

1.618E»07 

.9991 

1.4025 

307.55 

.7208 

.9106 

.7916 

1.0943 

.9999 

.9998 

• 9998 

I.OOOl 

.9999 

.750 

1.685E«’07 

.9991 

1.4025 

305.53 

• 6864 

.8987 

• 7661 

1.0624 

.9999 

• 9997 

.9998 

1.0001 

1.0000 

• 800 

1.745Efr07 

.9991 

1.4025 

303.41 

.6558 

• 8863 

.7401 

1.0382 

.9998 

.9997 

.9998 

1.0001 

1.0000 

• 850 

1.797E»07 

.9990 

1.4024 

301.21 

• 6233 

.8735 

.7137 

1.0207 

.9998 

• 9997 

• 9997 

1.0001 

1.0000 

• 900 

1.842E*07 

.9990 

1.4024 

298.92 

.5911 

• 8604 

.6872 

1.0089 

.9998 

.9997 

.9997 

1.0002 

1.0000 

• 950 

1.879E407 

.9990 

1.4023 

296.56 

.5593 

.8469 

• 6606 

1.0021 

• 9997 

.9997 

.9997 

1.0002 

1.0000 

1 .000 

1.910Ef07 

•9990 

1.4023 

294.13 

• 5281 

.8331 

• 6341 

1.0000 

.9997 

.9997 

.9997 

1.0002 

1.0000 

1.050 

1,934E»07 

.9990 

1.4023 

291.64 

.4977 

.8191 

.6078 

1.0020 

.9997 

.9997 

.9997 

1.0003 

1.0000 

1.100 

1.952E«^07 

•9990 

1.4022 

289.09 

.4682 

• 8049 

• 5819 

1.0079 

• 9996 

.9997 

.9997 

1.0003 

1.0000 

1.150 

1.964E»07 

.9990 

1.4022 

266.50 

.4397 

.7905 

.5563 

1.0174 

.9996 

• 9998 

.9996 

1.0003 

1. 0000 

1.200 

1.971E^07 

• 9990 

1.4021 

283.87 

.4123 

.7761 

• 5313 

1.0304 

• 9996 

• 9998 

•9996 

1.0004 

1.0000 

1.250 

l.972E*07 

.9990 

1.4021 

261.20 

• 3860 

.7616 

• 5069 

1.0467 

.9996 

• 9998 

.9996 

1.0004 

1.0000 

1.300 

1.969E*07 

.9990 

1.4020 

278.50 

• 3609 

.7471 

• 4831 

1.0662 

•9995 

.9996 

•9996 

1.0004 

•9999 

1.350 

1.962E»07 

.9990 

1.4020 

275.78 

.3369 

.7326 

• 4600 

1.0890 

.9995 

.9999 

• 9996 

1.0005 

.9999 

1.400 

1.951E«^07 

.9990 

1.4019 

273.03 

• 3142 

.7101 

.4377 

1.1148 

•9995 

•9999 

• 9996 

1.0005 

.9999 

1.450 

1.936E«^07 

•9990 

1.4019 

270.27 

.2927 

.7037 

• 4160 

1.1438 

• 9995 

.9999 

•9996 

1.0006 

.9999 

1.500 

l.OiaE^OT 

.9990 

1.4019 

267.51 

.2724 

.6894 

.3952 

1.1760 

.9994 

1.0000 

• 9996 

1.0006 

.9999 

1.550 

1.897E»07 

•9990 

1.4016 

264.73 

• 2533 

.6751 

.3752 

1.2114 

.9994 

1.0000 

• 9996 

1 .0006 

• 9998 

1.600 

1.674E«^07 

.9990 

1.4018 

261.96 

• 2353 

•6611 

• 3560 

1.2500 

•9994 

1.0000 

.9995 

1.0007 

• 9998 

1.650 

1.849E«^07 

.9990 

1.4017 

259.18 

• 2184 

• 6472 

.3376 

1.2920 

• 9994 

1.0001 

•9995 

1.0007 

• 9998 

1.700 

1.821E«^07 

• 9990 

1.4017 

256.41 

• 2026 

•6334 

.3199 

1.3373 

• 9994 

1.0001 

•9995 

1.0008 

• 9998 

1.750 

1.792E^07 

• 9990 

1.4017 

253.65 

• 1878 

• 6199 

• 3031 

1.3862 

.9994 

i.OOOl 

•9995 

1.0008 

• 9998 

1.800 

1.762E«^07 

• 9990 

1.4016 

250.90 

• 1741 

•6065 

• 2671 

1.4386 

• 9994 

1.0002 

• 9995 

1.0008 

.9997 

1.850 

1.731E407 

•9990 

1.4016 

248.17 

• 1612 

.5934 

.2718 

1.4948 

.9994 

1.0002 

.9995 

1.0009 

.9997 

1.900 

1.698Ef07 

•9990 

1.4015 

245.45 

• 1493 

• 5804 

.2572 

1.5548 

• 9993 

1.0002 

.9995 

1.0009 

.9997 

1.950 

1.669E»07 

• 9990 

1.4015 

242.75 

• 1382 

.5677 

• 2434 

1.6188 

•9993 

1.0002 

• 9995 

1.0009 

.9997 

2.000 

1.632E»07 

•9991 

1.4015 

240.07 

• 1276 

•5553 

• 2303 

1.6869 

• 9993 

1.0003 

•9995 

1.0009 

•9996 


oo 
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TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




J 

. TT » 

250 K 

PT * 3 

ATM 

OT * 4. 

107 KGM/H3 

CONTINUED 




MACH 

REV/M 

1 

GAMMA 

w 

P/PT 

T/TT 

O/OT 

A/ A* 


P/PT 

T/TT 

D/OT 

A /A* 





M/SEC 







RELATIVE 

TO IDEAL 

GAS VALUES- 

— 

0.000 

0. 

.9976 

1.4082 

322.68 

1.0000 

1.0000 

1. 0000 

I 

1.0006 

1.0000 

1.0000 

1.0000 

I 

.050 

4.235E«^06 

.9976 

1.4082 

322.40 

.9983 

.9995 

.9988 

11.5815 

1.0006 

l.COOO 

1.0000 

I. 0000 

.9991 

.100 

8.442E*^06 

.9976 

1.4082 

322.15 

.9930 

• 9960 

• 9950 

5.8168 

1*0005 

1.0000 

1.0000 

1.0000 

.9991 

.150 

1.259Ef07 

.9976 

1.4082 

321.74 

.9844 

.9955 

.9889 

3.9069 

1.0005 

1.0000 

1.0000 

1.0001 

.9991 

•200 

1.667E»07 

.9976 

1.4081 

321.17 

.9725 

.9920 

.9804 

2.9609 

1.0005 

1.0000 

.9999 

1.0001 

.9991 

.250 

2. 063 E 4^07 

.9976 

1.4061 

320.44 

.9575 

.9876 

.9696 

2.4006 

1.0004 

1.0000 

.9999 

1.0002 

.9991 

.300 

2.447E*07 

.9975 

1.4081 

319.55 

.9395 

• 9822 

.9566 

2.0333 

1.0004 

1.0000 

.9999 

1.0002 

.99 91 

.350 

2.815E»07 

.9975 

1.4080 

318.52 

.9185 

.9759 

.9413 

1.7769 

1.0003 

.9997 

.9998 

1.0000 

.9994 

.400 

3.167E^07 

.9975 

1.4079 

317.33 

.8953 

.9688 

.9243 

1.5893 

1.0002 

.^997 

.9998 

1.0000 

.9995 

.450 

3.500Ei*0T 

.9974 

1.4079 

316.01 

• 8699 

• 9608 

.9056 

1.4480 

1.0001 

. .9996 

.9997 

1.0000 

.9995 

• 500 

3.813EI-07 

.9974 

1.4078 

314.55 

.8426 

.9521 

• 8852 

1.3393 

l.QOOO 

.9995 

.9997 

1.0001 

.9996 

.550 

4.105E^07 

.9974 

1.4077 

312.96 

.8137 

.9426 

.8635 

1.2546 

.9999 

.9995 

.9996 

1.0001 

.9997 

• 600 

4.375E«^07 

.9973 

1.4076 

311.24 

.7836 

.9325 

• 8406 

1.1879 

.9998 

.9994 

.9996 

1.0001 

.9997 

•650 

4.622E»07 

.9973 

1.4075 

309.41 

.7524 

.9217 

• 8166 

1.1354 

.9997 

.9994 

.9995 

1.0002 

.9998 

.700 

4.847E^07 

.9972 

1.4074 

307.47 

.7204 

.9103 

.7918 

1.0942 

.9996 

.9993 

.9995 

1.0002 

.9998 

.750 

5.048E^07 

.9972 

1.4073 

305.43 

• 6881 

.8984 

.7662 

1.0623 

.9995 

.9993 

.9994 

1.0003 

.9999 

• 800 

5.227E»07 

.9972 

1.4072 

303.29 

.6555 

• 8860 

.7402 

1.0362 

.9994 

.9992 

.9994 

1.0003 

.9999 

.850 

5.383E«^07 

.9971 

1.4071 

301 . 07 

• 6230 

.8732 

.7139 

1.0206 

.9993 

.9992 

.9993 

1.0004 

1.0000 

• 900 

5.517E*^07 

.9971 

1.4069 

298.76 

.5908 

• 8600 

.6874 

1.0089 

.9 992 

.9992 

.9993 

1.0005 

1.0000 

.950 

5.630E4^07 

.9971 

1.4068 

296.38 

.5590 

• 8464 

.6608 

1.0022 

.9991 

.9992 

.9992 

1.0006 

1.0000 

1.000 

5.723E^07 

.9970 

1.4067 

293.94 

.5279 

.8327 

.6344 

1.0000 

.9990 

.9993 

.9992 

1.0006 

1.0000 

1.050 

5.796E4-07 

.9970 

1.4066 

291.43 

.4975 

• 8186 

• 6081 

1.0020 

.9989 

.9993 

.9991 

1.0007 

1.0000 

1.100 

5.850E^07 

.9970 

1.4064 

288.87 

.4680 

• 8044 

.5822 

1.0079 

.9989 

.9993 

.9991 

1.0008 

1.0000 

1.150 

5.887E«-07 

.9970 

1.4063 

286.27 

.4396 

.7901 

.5567 

1.0174 

.9988 

.9994 

.9991 

1.0009 

1.0000 

1.200 

5.908E4-07 

.9970 

1.4062 

283.62 

.4122 

.7756 

.5317 

1.0304 

.9987 

.9994 

•9990 

1.0011 

.9999 

1.250 

5.913E*^07 

.9970 

1.4061 

280.94 

.3859 

.7611 

.5073 

1.0467 

.9986 

.9995 

• 9990 

1.0012 

.9999 

1.300 

5.905E*07 

.9970 

1.4059 

278.23 

• 3608 

.7466 

• 4835 

1.0662 

.9986 

.9996 

.9990 

1.0013 

.9999 

1.350 

5.884E^07 

.9969 

1.4058 

275.50 

• 3369 

.7321 

• 4604 

1.0688 

.9985 

.9997 

.9989 

1.0014 

.9998 

1.400 

5.851E»07 

.9969 

1.4057 

272.75 

.3142 

.7176 

• 4381 

1.1147 

.9984 

.9997 

.9989 

1.0015 

.9998 

1.450 

5.807E*-07 

.9969 

1.4055 

269.98 

.2927 

.7032 

.4165 

1.1436 

.9984 

.9998 

.9989 

1.0016 

.9997 

1.500 

5.754E^07 

.9970 

1.4054 

267.21 

.2724 

• 6889 

.3957 

1.1757 

.9983 

.9999 

.9989 

1.0017 

.9996 

1.550 

5.692E^07 

.9970 

1.4053 

264.43 

.2533 

• 6747 

.3757 

1.2111 

.9983 

I .0000 

.9989 

1.0018 

.9996 

1.600 

5. 6238*^07 

.9970 

1.4052 

261.65 

.2353 

•6606 

.3564 

1.2496 

.9982 

L.QOOl 

.9986 

1.0019 

.9995 

1.650 

5.548E^0T 

.9970 

1.4050 

258.87 

.2184 

.6467 

• 3380 

1.2915 

.9982 

1.0002 

• 9986 

1.0020 

.9995 

1.700 

5.466E«^07 

.9970 

1 .4049 

256.10 

.2027 

.6330 

.3204 

1.3368 

.9982 

1.0003 

.9988 

1.0021 

.9994 

1.750 

5.380E*07 

.9970 

1.4048 

253.34 

.1879 

.6194 

.3035 

1.3856 

.9981 

1.0004 

• 9988 

1.0022 

.9993 

1.800 

5.290E«^07 

.9970 

1.4047 

250.59 

.1741 

.6061 

.2875 

1.4379 

.9981 

1.0005 

• 9988 

1.0023 

.9993 

1.850 

5.196E^07 

.9971 

1.4046 

247.85 

.1613 

.5929 

.2722 

1.4940 

.9981 

1.0006 

.9987 

1.0024 

.9992 

1.900 

5.100E»07 

.9971 

1.4045 

245.13 

.149 3 

• 5600 

• 2576 

1.5539 

.9981 

1.0007 

.9987 

1.0025 

.9992 

1.950 

5.001E*‘07 

.9971 

1.4044 

242.43 

• 1382 

.5673 

.2438 

1.6178 

.9980 

1.0008 

.9987 

1.0026 

.9991 

2.000 

4.900E*-07 

.9971 

1.4043 

239.75 

• 1279 

.5548 

• 2307 

1.6859 

• 9980 

1.0008 

.9987 

1.0026 

.9991 



TABLE I. REAL'GAS iSENTROPiC EXPANSIONS OF NITROGEN 





J. TT = 

250 K 

PT * 5 

ATM 

OT = 6. 

855 KGM/M3 

CONTINUED 




HACH 

REY/M 

L 

GAMMA 


P/PT 

T/TT 

D/DT 

A/A* 

W 

P/PT 

_D C i 4 T t \i C 

T/TT 

O/OT 

A/A* 





n r d t C 






'K C L # 1 1 V C 

lU lUcAL 

vALUcd" 


0.000 

0. 

.9961 

1.4137 

322.61 

1.0000 

I.OOOO 

1.0000 

I 

1.0010 

1.0000 

1.0000 

1.0000 

I 

• 050 

7. 044 E ••06 

.9961 

1.4136 

322.53 

.9983 

.9995 

.9988 

11.5748 

1.0010 

1.0000 

1.0000 

1.0000 

• 9986 

.100 

1.404E»-07 

.9961 

1.4136 

322.28 

.9930 

.9980 

.9951 

5.8134 

1.0009 

1.0000 

I.OOOO 

l.OOOl 

• 9985 

• 150 

2.095E*07 

.9960 

1.4136 

321.86 

.9844 

.9955 

• 9889 

3.9047 

1.0009 

I.OOOO 

.9999 

1.0001 

• 9985 

.200 

2.773E*07 

.9960 

1.4135 

321.28 

.9725 

.9920 

.9805 

2.9592 

1.0008 

1.0000 

.9999 

1.0002 

.9985 

• 250 

3.432E*07 

.9960 

1.4135 

320.54 

.9572 

.9875 

• 9694 

2.4000 

1.0007 

.9998 

.9999 

1.0000 

.9988 

.300 

4.070E«*C7 

.9959 

1.4134 

319.64 

.9392 

.9821 

.9564 

2.0329 

1.0006 

.5997 

.9998 

I.OOOO 

.9989 

.350 

4.683E+07 

.9959 

1.4133 

318.58 

.9184 

.9758 

.9413 

1.7763 

1.0005 

.9996 

.9997 

1.0000 

• 9990 

• 400 

5.268E*'07 

.9958 

1.4132 

317.38 

.8951 

.9687 

.9243 

1.5088 

1.0004 

.9995 

.9997 

1.0000 

.9991 

.450 

5.822Ef07 

.9958 

1.4131 

316.04 

. 8697 

.9607 

.9055 

1.4476 

1.0002 

.9993 

.9996 

1.0001 

• 9992 

• 500 

6.343E«-07 

.9957 

1.4129 

314.56 

• 8A24 

.9519 

.8853 

1.3390 

1.0001 

.9992 

.9995 

1.0001 

.9993 

.550 

6.829E*07 

.9956 

1.4128 

312.95 

.8135 

.9424 

.8636 

1.2543 

.9999 

.9991 

.9994 

l.OOOl 

.9994 

• 600 

7.278E+07 

.9956 

1.4126 

311.21 

.7833 

.9322 

.8406 

1.1877 

.9997 

• 9990 

.9993 

1.0002 

• 9996 

.650 

7.690E«-07 

.9955 

1.4125 

309.36 

.7521 

.9214 

.8167 

1.1353 

.9996 

• 9969 

.9992 

1.0003 

.9997 

• 700 

8.064E4‘07 

.9954 

1.4123 

307.40 

.7201 

.9100 

.7919 

1.0941 

.9994 

• 9989 

.9991 

1.0003 

• 9998 

.750 

8.400Ef07 

.9954 

1.4121 

305.34 

• 6878 

• 8980 

.7664 

1.0623 

.9992 

.9968 

.9991 

1.0004 

.9998 

• 600 

8.693Ef07 

.9953 

1.4119 

303.18 

.6552 

• 8856 

.7404 

1.0382 

.9991 

.9987 

.9990 

1.0005 

.9999 

.850 

8.959E*‘07 

.9952 

1.4118 

300.93 

.6227 

.8728 

.7141 

1.0207 

.9989 

.9987 

• 9989 

1.0007 

1.0000 

.900 

9.183E4-07 

.9952 

1.4116 

298.61 

.5905 

.8596 

.6876 

1.0089 

.9907 

• 9987 

• 9966 

1.0008 

I.OOOO 

• 950 

9.372E*07 

.9951 

1.4114 

296.21 

.5588 

• 8460 

• 6611 

1.0022 

• 9986 

.9987 

.9987 

1.0009 

1.0000 

1.000 

9.527E«*07 

.9951 

1.4111 

293.75 

.5277 

• 8322 

.6346 

1.0000 

.9984 

• 9988 

.9987 

1.0011 

I.OOOO 

1^050 

9.649E4-07 

.9950 

1.4109 

291.23 

.4973 

• 6182 

• 6084 

1.0021 

.9982 

.9988 

•9966 

1.0012 

1.0000 

l.lOO 

9.741E«-07 

.9950 

1.4107 

288.65 

.4679 

.8040 

.5825 

1.0079 

.9981 

• 9989 

• 9985 

1.0014 

1.0000 

1.150 

9.804E+07 

• 9950 

1.4105 

286.03 

.4394 

.7896 

.5571 

1.0174 

• 9980 

• 9990 

.9985 

1.0016 

1.0000 

1.200 

9.840E*-07 

.9949 

1.4103 

283.36 

.4120 

.7752 

.5321 

1.0303 

.9978 

.9991 

.9984 

1.0018 

.9999 

1.250 

9.850E*07 

.9949 

1.4101 

280.68 

.3858 

.7607 

.5077 

1.0466 

• 9977 

• 9992 

.9984 

1.0019 

.9999 

1.300 

9.837E*-07 

.9949 

1.4099 

277.96 

.3607 

.7462 

.4040 

1.0661 

.9976 

.9993 

.9983 

1.0021 

.9998 

1.350 

9.803E^07 

.9949 

1.4096 

275.22 

.3368 

.7316 

.4609 

1.0887 

.9975 

.9994 

.9983 

1.0023 

.9997 

1.400 

9.749E*07 

.9949 

1.4094 

272.46 

• 3141 

.7172 

.4385 

1.1145 

.9974 

• 9996 

.9983 

1.0023 

.9996 

1.450 

9.678E*-07 

.9949 

1.4092 

269.69 

.2927 

.7027 

.4170 

1.1434 

.9973 

.9997 

.9982 

1.0027 

.9995 

1.500 

9.590E^07 

.9949 

1.4090 

266.91 

.2724 

• 6884 

.3961 

1.1755 

.9972 

.9999 

•9982 

1.0029 

.9994 

1.550 

9.489E*07 

.9949 

1.4086 

264.13 

.2533 

.6742 

.3761 

1.2107 

.9971 

1.0001 

• 9982 

1.0031 

.9993 

1.600 

9.375EI-07 

.9949 

1.4086 

261.34 

• 2353 

• 6602 

.3569 

1.2492 

• 9971 

1.0002 

• 9981 

1.0032 

.9992 

1.650 

9.250E<'07 

.9950 

1.4084 

258.56 

• 2165 

.6462 

.3385 

1.2910 

.9970 

1.0004 

• 9981 

1.0034 

.9991 

1.700 

9.115E^07 

.9950 

1.4082 

255. 79 

• 2027 

• 6325 

• 3208 

1.3363 

.9969 

1.0005 

• 9981 

1.0036 

• 9990 

1.750 

8.972E»07 

.9950 

1.4060 

253.02 

• 1680 

.6190 

.3040 

1.3650 

.9969 

1.0007 

.9981 

1.0037 

.9989 

1.800 

8.823E*07 

.9951 

1.4078 

250.27 

.1742 

• 6056 

.2879 

1.4372 

• 9968 

1.0009 

.9980 

1.0039 

• 9988 

1.650 

e.66TE>07 

.9951 

1.4076 

247.54 

• 1614 

.5925 

.2726 

1.4932 

• 9968 

1.0010 

• 9980 

1.0040 

.9987 

1.900 

8.507E<-07 

.9951 

1.4074 

244.82 

• 1494 

.5796 

.2581 

1.5531 

• 9966 

1.0011 

«9980 

1.0041 

• 9986 

1.950 

8.343E^07 

.9952 

1.4073 

242.12 

• 1383 

.5669 

.2442 

1.6169 

.9967 

1.0013 

• 9980 

1.0042 

• 9986 

2.000 

8.176EI-07 

.9952 

1.4071 

239.44 

• 1280 

.5544 

• 2311 

1.6849 

.9967 

1.0014 

.9979 

1.0043 

• 9985 
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TABLE I. 

REAL-GAS 

ISENTROPIC 

EXPANSIONS OF NITROGEN 







J 

. TT . 

250 K 

PT - 

8 ATM 

OT « 10. 

993 KGM/M3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 

M 

P/PT 

TATT 

D/OT 

A/ A* 

W 

P/PT 

T/TT 

O/OT 

A/A« 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9938 

1.4219 

322.83 

I. 0000 

l.OOOO 

1.0000 

I 

1.0016 

1.0000 

1.0000 

1.0000 

I 

.050 

1.124EI-07 

.9938 

1.4219 

322.74 

.9983 

.9995 

.9988 

11.5649 

1.0016 

1.0000 

1.0000 

1.0000 

.9977 

• 100 

2.241Ef07 

.9938 

1.4218 

322.48 

.9931 

• 9980 

.9951 

5.8084 

1.0016 

1.0000 

1.0000 

l.OOOI 

.9977 

.150 

3.343E«'07 

.9937 

1.4216 

322.06 

.9844 

.9954 

.9890 

3.9012 

1.0015 

l.COOO 

.9999 

1.0002 

.9976 

.200 

4.423E*07 

.9937 

1.4217 

321.46 

.9723 

.9919 

.9803 

2.9573 

1.0014 

.9998 

.9999 

1.0000 

.9979 

.250 

5.476E*07 

.9936 

1.4216 

320.70 

.9571 

.9874 

.9694 

2.3980 

1.0012 

.9996 

.9998 

l.OOOO 

.9980 

.300 

6.495E«'07 

.9935 

1.4215 

319.78 

.9390 

.9820 

.9564 

2.0314 

l.OOll 

.9995 

.9997 

l.OOOO 

.9982 

.350 

7.473E*^07 

.9935 

1.4213 

318.70 

• 9181 

.9757 

.9413 

1.7750 

1.0009 

.9993 

.9996 

1.0001 

.9984 

• 400 

8.407E*'07 

.9934 

1.4212 

317.47 

. 894 8 

.9685 

.9244 

1.5878 

1.0007 

.9991 

.9995 

1.0001 

.9985 

.450 

9.292E«-07 

.9933 

1.4210 

316.10 

• 8694 

.9604 

.9057 

1.4468 

1.0004 

.9990 

.9993 

1.0002 

.9987 

.500 

I.OIZE^-Oe 

.9932 

1.4208 

314.59 

.8420 

.9516 

.8854 

1.3384 

1.0002 

• S988 

.9992 

1.0002 

.9989 

• 550 

1.090EV08 

.9930 

1.4205 

312.95 

.8131 

.9421 

.8637 

1.2538 

.9999 

.9986 

.9991 

1.0003 

.9991 

.600 

1.162E*-O0 

.9929 

1.4203 

311.18 

.7828 

.9318 

.8408 

1.1873 

.9997 

.9985 

.9989 

1.0004 

.9993 

.650 

1.228E+08 

.9928 

1.4200 

309.29 

.7516 

.9210 

.8169 

1.1350 

.9994 

.9983 

• 9968 

1.0005 

.9994 

.700 

1.287E«-08 

.9927 

1.4198 

307.30 

.7196 

.9095 

.7921 

1.0939 

.9991 

.9982 

.9907 

1.0006 

.9996 

.750 

1.341Ef08 

.9926 

1.4195 

305.21 

.6673 

.8975 

• 7666 

1.0621 

• 9988 

.9981 

.9985 

1.0006 

,9997 

• 800 

1.389EI-08 

.9925 

1.4192 

303.02 

.6548 

.8851 

.7407 

1.0380 

.9965 

.9981 

.9984 

1.0010 

.9998 

.850 

1.4316^08 

.9924 

1.4189 

300.74 

.6223 

.8722 

.7144 

1.0206 

.9903 

.9980 

.9983 

1.00X2 

.9999 

• 900 

1.467E4-08 

.9923 

1.4186 

298.39 

.5901 

.8590 

• 6880 

1.0088 

• 99 80 

.9900 

• 9961 

1.0014 

1.0000 

.950 

1.497EI-08 

.9922 

1.4182 

295.96 

.5584 

.8454 

.6615 

1.0021 

.9977 

.9981 

.9980 

1.0016 

l.OOOO 

l.OOO 

1.522E+08 

.9921 

1.4179 

293.47 

.5273 

.8316 

.6351 

1.0000 

.9975 

.9981 

.9979 

1.0019 

1.0000 

1.050 

1.542E*-08 

.9921 

1.4176 

290.92 

.4970 

.8175 

.6089 

1.0020 

.9972 

.9982 

.9978 

1.0021 

1.0000 

l.lOO 

1«.557E4*08 

• 9920 

1.4172 

268.33 

.4676 

.8033 

.5831 

1.0079 

.9970 

.9983 

.9977 

1.0024 

.9999 

1.150 

1.567EfO0 

.9919 

1.4169 

285.69 

.4391 

.7890 

.5577 

1.0173 

.9968 

.9985 

.9976 

1.0027 

.9999 

1.200 

1.573E*^08 

.9919 

1.4165 

283.01 

• 4118 

.7745 

.5327 

1.0302 

.9965 

.9986 

.9976 

1.0030 

.9998 

1.250 

1.575EI-08 

.9919 

1.4162 

280.30 

.3856 

.7600 

.5084 

1.0465 

.9963 

.9987 

.9975 

1.0031 

.9998 

1.300 

1.573E+08 

.9918 

1.4158 

277.57 

.3606 

;7455 

• 4846 

1.0659 

.9962 

.9989 

.9974 

1.0034 

.9997 

1.350 

1.568Ef08 

.9918 

1.4155 

274.81 

.3367 

.7310 

.4616 

1.0885 

.9960 

.9991 

.9974 

1.0038 

.9996 

1.400 

1.559E«'08 

.9918 

1.4152 

272.04 

.3141 

.7165 

.4393 

1.1142 

.9958 

• 9994 

.9973 

1.0041 

.9994 

1.450 

1.548E+08 

.9918 

1.4148 

269.26 

.2927 

.7021 

.4177 

1.1431 

.9957 

.9996 

.9972 

1.0044 

.9993 

1.500 

1.534E*-08 

.9918 

1.4145 

266.47 

.2724 

.6878 

.3969 

1.1751 

.9955 

.9999 

.9972 

1.0046 

.9991 

1.550 

1.519E*08 

.9918 

1.4141 

263.68 

.2533 

.6736 

.3769 

1.2102 

.9954 

l.OOOI 

.9971 

1.0049 

.9990 

1.600 

1.501E«>08 

.9919 

1.4138 

260.89 

.2354 

.6595 

.3576 

1.2486 

.9953 

1.0004 

.9971 

1.0052 

.9988 

1.650 

1.481E4-08 

.9919 

1.4135 

258.10 

• 2186 

.6456 

.3392 

1.2904 

.9952 

1.0006 

.9971 

1.0055 

.9986 

1.700 

1.460E4-08 

.9919 

1.4132 

255.32 

.2028 

.6319 

.3216 

1.3355 

.9951 

1.0009 

.9970 

1.0057 

.9985 

1.750 

1.437E*08 

.9920 

1.4129 

252.56 

.1881 

.6183 

.3047 

1.3840 

.9950 

1.0011 

.9970 

1.0060 

.9983 

1.800 

1.413Ef08 

.9920 

1.4126 

249.80 

.1743 

.6050 

• 2886 

1.4362 

.9950 

1.0014 

.9970 

1.0062 

.9982 

1.850 

l.SSdE^'OB 

.9921 

1.4123 

247.07 

.1615 

.5918 

.2733 

1.4921 

.9949 

1.0016 

• 9969 

1.0064 

.9960 

1.900 

1.363E4-08 

.9922 

1.4120 

244.35 

.1495 

.5789 

.2587 

1.5518 

.9948 

1.0019 

• 9969 

1.0066 

.9979 

1.950 

1.337E»08 

.9922 

1.4117 

241.65 

.1364 

.5663 

.2449 

1.6155 

.9948 

1.0021 

• 9966 

1.0068 

.9977 

2.000 

1.310E^08 

.9923 

1.4114 

238.97 

• 1261 

.5538 

.2317 

1.6833 

.9948 

1.0023 

.9968 

1.0070 

.9976 



TABLE U REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





J. TT ^ 

250 K 

PT = 10 

ATH 

OT = 13. 

762 KGM/M3 

CONTINUED 




MACH 

REY/M 

Z 

GAMMA 

w 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

•RELATIVE 

T/TT 
TO IDEAL 

0/DT 

GAS VALUES' 

A/A* 

0.000 

0. 

.9923 

1.4274 

222.99 

1.0000 

1.0000 

1.0000 

I 

1.0021 

1.0000 

1.0000 

1.0000 

I 

• 050 

l.402E»07 

.9923 

1.4274 

322.90 

.9983 

.9995 

.9988 

11.5583 

1.0021 

1.0000 

I. 0000 

1.0000 

.9971 

.100 

2.796E»07 

.9923 

1.4274 

322.64 

.9931 

.9980 

.9951 

5.8051 

1.0021 

1.0000 

1.0000 

1.0001 

• 9971 

.150 

4.X71£*07 

♦9922 

1.4273 

322.20 

.98A2 

.9954 

• 9888 

3.8996 

1.0019 

.9998 

.9999 

1.0000 

.9973 

.200 

5.520E»07 

.9921 

1.4272 

321.60 

.9722 

.9919 

.9803 

2.9558 

1.0018 

.5997 

.9998 

1.0000 

.9974 

.250 

6.834E^07 

.9921 

1.4271 

320.83 

.9570 

.9874 

.9695 

2.3968 

1.0016 

.9995 

.9997 

1.0000 

.9975 

.300 

8.105Ef07 

.9920 

1.4269 

319.89 

.9389 

.9819 

.9564 

2.0305 

1.0014 

.9993 

.9996 

1.0001 

.9977 

.350 

9.326E»07 

.9919 

1.4267 

318.80 

.9180 

.9756 

.9414 

1.7743 

1.0012 

.9991 

.9995 

1.0001 

.9979 

.400 

1.049E«-08 

.9918 

1.4265 

317.55 

.8947 

.9683 

.9244 

1.5872 

1.0009 

.9989 

.9993 

1.0001 

.9982 

.450 

1.160E»08 

.9916 

1.4263 

316.16 

. 8691 

.9603 

.9057 

1.4463 

1.0006 

.9987 

.9992 

1.0002 

.9984 

.500 

1. 2636^08 

.9915 

1.4260 

314.62 

.8418 

.9514 

.8854 

1.3380 

1.0003 

.9985 

.9990 

1.0003 

.9986 

.550 

1.360E^08 

.9913 

1.4257 

312.96 

.8128 

.9419 

• 8638 

1.2535 

1.0000 

.9983 

.9988 

1.0004 

• 9988 

.600 

1.450£*08 

.9912 

1.4254 

311.17 

.7825 

.9316 

.8409 

1.1871 

.9996 

.9981 

.9987 

1.0005 

.9991 

.650 

1.532E+08 

.9911 

1.4251 

309.26 

.7513 

.9207 

.8170 

1.1348 

.9993 

.9979 

.9985 

1.0007 

.9993 

.700 

1.607£f08 

.9909 

1.4248 

307.25 

.7193 

.9092 

.7922 

1.0938 

.9989 

.9978 

.9983 

1.0008 

.9995 

.750 

1.674E»08 

.9908 

1.4244 

305.13 

.6870 

.8972 

.7668 

1.0620 

.9986 

.9977 

.9982 

1.0010 

.9996 

.800 

1.7346 *08 

.9906 

1.4241 

302.92 

.6544 

• 8847 

.7409 

1.0380 

.9982 

.9976 

.9980 

1.0013 

.9998 

.850 

1.786E*08 

.9905 

1.4237 

300.62 

.6220 

.8719 

.7147 

1.0205 

.9979 

.9975 

.9978 

1.0015 

.9999 

.900 

1.831E»08 

.9904 

1.4233 

298.24 

.5898 

.85 86 

.6883 

1.0088 

.9975 

.9975 

.9977 

1.0018 

.9999 

.950 

1.869E*'08 

.9903 

1.4229 

295.80 

.5581 

.8450 

.6618 

1.0021 

.9972 

.9976 

.9976 

1.0021 

1.0000 

1.000 

1.901E+C8 

.9902 

1.4225 

293.29 

.5270 

.8312 

.6354 

1 .0000 

.9969 

.9976 

.9974 

1.0024 

1.0000 

1.050 

l.925E^08 

.9901 

1.4220 

290.73 

.4968 

.8171 

.6093 

1.0020 

.9965 

.9978 

.9973 

1.0027 

1.0000 

1.100 

1.944E*'08 

.9900 

1.4216 

288.11 

.4674 

.8029 

.5835 

1.0079 

.9962 

.9979 

.9972 

1.0030 

.9999 

1.150 

1.957E<-08 

.9899 

1.4212 

285.46 

.4390 

.7885 

.5581 

1.0173 

.9960 

• 9981 

.9971 

1.0034 

.9999 

1.200 

1.965E<-08 

.9899 

1.4208 

282.77 

.4117 

.7741 

.5331 

1.0302 

.9957 

.9983 

.9970 

1.0038 

.9998 

1.250 

1.968E«^08 

.9898 

1.4203 

280.05 

• 3855 

.7595 

.5088 

1.0464 

.9955 

.9985 

.9969 

1.0042 

.9996 

1.300 

1.966E«-08 

.9898 

1.4199 

277.30 

.3605 

.7450 

.4851 

1.0658 

.9952 

.9988 

• 9968 

1.0045 

.9995 

1.350 

1.959E*08 

.9898 

1.4195 

274.53 

.3367 

.7305 

.4621 

1.0883 

.9950 

.9991 

.9967 

1.0049 

.9993 

1.400 

1. 9496^08 

.9897 

1.4190 

271.75 

.3140 

.7160 

.4397 

1.1140 

• 9948 

.9994 

.9967 

1.0053 

.9991 

1.450 

1.935E«-08 

.9897 

1.4186 

268.96 

.2926 

.7016 

.4182 

1.1428 

.9946 

.9997 

.9966 

1.0057 

.9989 

1.500 

l.918E^08 

.9898 

1.4182 

266.17 

.2724 

.6873 

.3974 

1.1747 

.9944 

1.0000 

.9965 

1.0061 

.9987 

1.550 

1.899Efr08 

.9898 

1.4178 

263.37 

.2533 

.6731 

.3774 

1.2098 

.9943 

1.0003 

.9965 

1.0064 

.9985 

1.600 

1.876E08 

.9898 

1.4174 

260.58 

.2354 

• 6590 

.3581 

1.2481 

.9942 

1.0007 

.9964 

1.0066 

.9983 

1.650 

1.852E«^08 

.9898 

1.4170 

257.79 

.2186 

.6451 

.3397 

1.2898 

.9940 

1.0010 

.9964 

1.0071 

.9981 

1.700 

1.826E>08 

.9899 

1.4166 

255.01 

.2029 

.6314 

.3221 

1.3348 

.9939 

1.0013 

.9963 

1.0074 

.9979 

1.750 

1.797£^08 

.9900 

1.4162 

252.24 

.1881 

.6179 

.3052 

1.3833 

.9938 

1.0016 

.9963 

1.0077 

.9977 

1.800 

1.768E^08 

.9900 

1.4158 

249.49 

.1744 

.6046 

.2891 

1.4355 

• 9937 

1.0018 

.9963 

1.0076 

.9977 

1.850 

1.737E^08 

.9901 

1.4154 

246.76 

.1616 

.5914 

.2738 

1.4913 

.9936 

1.0021 

.9962 

1.0081 

.9975 

1.900 

1.705E*^08 

.9902 

1.4151 

244.04 

.1496 

.5785 

.2592 

1.5509 

.9936 

1.0024 

.9962 

1.0084 

.9973 

1.950 

1.673E^08 

.9903 

1.4147 

241.34 

• 1385 

.5659 

.2453 

1.6145 

.9935 

1.0026 

.9961 

1 .0086 

.9972 

2.000 

1.640E>08 

.9903 

1.4144 

238.66 

• 1282 

.5534 

.2321 

1.6822 

.9934 

1.0029 

.9961 

1.0068 

.9970 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




J 

. TT * 

250 K 

PT * 15 

ATM 

OT = 20. 

719 KGM/M3 

CONTI KUEO 




HACH 

REY/M 

1 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A^ 

W 

P/PT 

RELATIVE TO 

T/TT 

IDEAL 

D/DT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9887 

1.4414 

323.45 

1.0000 

l.OOOO 

1.0000 

I 

1.0036 

1.0000 

1.0000 

1.0000 

I 

• 030 

2.096E*07 

.9887 

1.4414 

323.36 

• 9983 

.9995 

• 9988 

11.5366 

1.0035 

1.0000 

1.0000 

1.0000 

.9953 

• 100 

4.178E«-07 

• 9686 

1.4413 

323.09 

.9931 

.9979 

.9952 

5.7941 

1.0034 

1.0000 

.9999 

1.0002 

• 9952 

• 130 

6. 2336^07 

.9885 

1.4412 

222.63 

.9841 

.9954 

.9889 

3.8929 

1.0033 

.9997 

• 9998 

1.0000 

.9955 

.200 

8.248E*-07 

• 9884 

1.4410 

322.00 

.9720 

.9918 

• 9803 

2.9509 

1.0031 

.9995 

.9997 

1.0000 

.9957 

• 230 

1.021Et08 

.9883 

1.4409 

321.20 

.9568 

.9872 

• 9695 

2.3931 

1.0028 

.9993 

• 9996 

1.0001 

• 9960 

• 300 

1.211E4-08 

• 9882 

1.4406 

320.22 

• 9385 

.9817 

.9565 

2.0275 

1.0025 

.9990 

.9994 

1.0001 

• 9963 

.350 

1.393E*08 

.9880 

1.4404 

319. C8 

• 9176 

.9753 

.9414 

1.7719 

1.0021 

.9987 

.9992 

1.0002 

• 9966 

• 400 

1.568E«'08 

.9878 

1.4400 

317.79 

• 8942 

• 9680 

.9245 

1.5852 

1.0017 

.9984 

.9990 

1.0003 

• 9969 

.450 

1.733E<-08 

.9876 

1.4397 

316.34 

• 6666 

.9599 

• 9058 

1.4447 

1.0012 

.9980 

•9988 

1.0004 

.9973 

• 300 

1.888E«'08 

.9874 

1.4393 

314.76 

• 8411 

.9510 

• 8856 

1.3367 

1.0007 

.9977 

.9985 

1.0005 

.9976 

.550 

2.033E«'06 

.9872 

1.4389 

313.03 

. 8121 

.9413 

• 8640 

1.2524 

1.0002 

.9974 

.9983 

1.0007 

• 9980 

• 600 

2.167E»08 

.9869 

1.4383 

311.19 

.7816 

• 9310 

• 8410 

1.1864 

.9997 

.9969 

• 9980 

1.0007 

.9985 

.650 

2.290E«>08 

• 9867 

1.4380 

309.22 

.7503 

• 9200 

.8172 

1.1343 

.9991 

.9966 

.9978 

1.0009 

.9908 

.700 

2.402E«^08 

.9865 

1.4375 

307.14 

.7183 

.9085 

.7925 

1.0934 

• 9986 

.9964 

.9975 

1.0011 

• 9991 

.750 

2.302E«’08 

• 9863 

1.4370 

304.97 

• 6860 

• 8964 

.7671 

1.0618 

• 9980 

• 9962 

.9973 

1.0014 

.9994 

• 800 

2.592Ef08 

• 9660 

1.4364 

302.70 

.6535 

• 8839 

.7413 

1.0378 

.9975 

.9961 

.9970 

1.0017 

• 9996 

• 850 

2.670E«'08 

• 9838 

1.4359 

300.35 

• 6210 

.8710 

.7151 

1.0205 

.9969 

.9960 

• 9968 

1.0021 

.9998 

.900 

2.738E^08 

• 9836 

1.4353 

297.92 

• 5889 

.8576 

• 6888 

1.0088 

• 9964 

• 9960 

• 9966 

1.0025 

.9999 

• 930 

2.796E4'08 

.9854 

1.4347 

295.42 

.5573 

.8440 

• 6624 

1.0021 

.9959 

• 9961 

• 9964 

1.0030 

l.OOOO 

1.000 

2.843E*08 

.9853 

1.4341 

292.87 

.5263 

• 8302 

• 6361 

1.0000 

.9954 

• 9962 

•9962 

1.0034 

l.OOOO 

1*030 

2.881EV08 

.9851 

1.4334 

290.26 

• 4961 

• 8161 

• 6101 

1.0020 

.9949 

• 9963 

• 9960 

1.0039 

1.0000 

1.100 

2.910E«>08 

.9850 

1.4328 

287.60 

• 4667 

• 8018 

• 5843 

1.0078 

.9945 

.9966 

• 9958 

1.0045 

• 9999 

1.130 

2.930E«>08 

• 9649 

1.4322 

284.91 

• 4384 

.7074 

.5590 

1.0172 

.9940 

• 9966 

.9957 

1.0050 

• 9998 

1.200 

2.942EI-O0 

• 9648 

1.4315 

282.18 

.4112 

.7730 

.5341 

1.0301 

.9936 

.9972 

.9956 

1.0056 

.9996 

1.250 

2.947E+08 

.9847 

1.4309 

279.43 

.3851 

.7584 

• 5098 

1.0462 

.9933 

.9975 

• 9954 

1.0062 

.9995 

1.300 

2.945E4>08 

• 9846 

1.4302 

276.65 

• 3602 

.7439 

• 4862 

1.0655 

.9929 

.9979 

.9953 

1.0066 

• 9992 

1.330 

2.936E«>08 

.9846 

1.4296 

273.86 

• 3364 

.7294 

.4632 

1.0079 

•9926 

.9984 

.9952 

1.0073 

• 9990 

1.400 

2.922E«*08 

.9845 

1.4290 

271.06 

• 3139 

•7149 

•4409 

1.1135 

.9923 

• 9988 

• 9951 

1.0079 

.9987 

1.450 

2.902E«‘08 

.9845 

1.4263 

268.25 

• 2925 

.7005 

.4194 

1.1421 

.9920 

.9993 

• 9950 

1.0085 

• 9984 

1.500 

2.878E«>08 

• 9845 

1.4277 

265.44 

• 2724 

• 6862 

• 3986 

1.1739 

.9917 

• 9996 

.9950 

1.0091 

• 9981 

1.550 

2.849E«'0e 

•9846 

1.4271 

262.63 

• 2533 

• 6720 

• 3786 

1.2089 

.9915 

1.0003 

.9949 

1.0096 

.9978 

1.600 

2.816E«^0e 

•9646 

1.4265 

259.82 

• 2355 

• 6580 

• 3594 

1.2471 

.9913 

1.0008 

• 9948 

1.0102 

.9975 

1.650 

2.780E*08 

.9047 

1.4258 

257.02 

• 2187 

• 6441 

• 3409 

1.2885 

• 9911 

1.0013 

•9946 

1.0107 

.9971 

1.700 

2.741E«^08 

.9847 

1.4253 

254.24 

• 2030 

•6304 

.3233 

1.3334 

.9909 

1.0018 

• 9947 

1.0112 

•9968 

1.750 

2.700E«>08 

• 9848 

1.4247 

251.46 

• 1863 

.6168 

.3064 

1.3617 

.9907 

1.0023 

•9946 

1.0117 

• 9965 

1.000 

2.656E«>06 

• 9849 

1.4241 

248.70 

• 1745 

.6035 

• 2903 

1.4335 

• 9906 

1.0028 

•9946 

1.0121 

.9962 

1.650 

2.611E^08 

• 9850 

1.4235 

245.96 

• 1617 

.5904 

.2749 

1.4691 

•9905 

1.0033 

.9945 

1.0126 

• 9959 

1.900 

2.564£4>08 

•9851 

1.4230 

243.24 

• 1498 

.5775 

• 2603 

1.5485 

• 9904 

1.0037 

•9945 

1.0130 

.9957 

1.950 

2.516E«>08 

•9852 

1.4225 

240.55 

.1367 

•5648 

• 2464 

1.6118 

.9903 

1.0041 

• 9944 

1.0133 

• 9954 

2.000 

2.467E^08 

•9854 

1«4219 

237.87 

.1284 

• 5524 

.2332 

1.6793 

• 9902 

1.0045 

.9943 

1.0136 

•9951 



TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OP NITROGEN 





J. TT * 

250 K 

PT * 20 

ATM 

OT » 27. 

721 KGM/M3 

CONTINUED 




HACH 

REy/M 

1 

GAMMA 

w 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ A* 

w 

P/PT 

-RELATIVE 

T/TT 
TO IDEAL 

0/DT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9852 

1.4555 

324.00 

1.0000 

1.0000 

1.0000 

I 

1.0053 

1.0000 

1.0000 

1.0000 

I 

.050 

2.784E«-07 

•9852 

1.4555 

323.91 

.9983 

.9995 

.9988 

11.5162 

1.0052 

1.0000 

1.0000 

1.0001 

.9935 

.100 

5.551E»07 

.9852 

1.4554 

323.62 

.9929 

.9979 

.9950 

5.7850 

1.0051 

.9998 

.9999 

1.0000 

• 9937 

• 150 

8.281E»07 

•9651 

1.4553 

323.15 

.9841 

.9953 

.9889 

3.8864 

1.0049 

.9996 

.9998 

1.0000 

.9939 

.200 

l.096E«^08 

.9849 

1.4551 

322.49 

.9719 

.9917 

.9803 

2.9462 

1.0046 

.9994 

.9996 

l.OOOl 

.9941 

• 250 

1.357E*08 

.9847 

1.4548 

321.65 

.9565 

.9871 

.9695 

2.3894 

1.0042 

.9990 

.9994 

1.0001 

.9945 

.300 

1.609E«^06 

.9845 

1.4545 

320.63 

.9382 

.9815 

.9566 

2.0246 

1.0037 

.9987 

.9992 

1.0002 

.9949 

.350 

1.852E»08 

.9843 

1.4542 

319.45 

.9172 

.9751 

.9415 

1.7696 

1.0032 

.9982 

.9990 

1.0003 

.9953 

.400 

2.083E^08 

.9840 

1.4538 

318.10 

.8937 

.9677 

.9246 

1.5834 

1.0026 

.9978 

.9987 

1.0004 

.9957 

.450 

2.302E«'08 

.9837 

1.4533 

316.60 

• 8678 

.9595 

.9058 

1.4436 

1.0020 

.9971 

.9984 

1.0003 

.9964 

.500 

2.508E4-08 

.9834 

1.4529 

314.95 

.8402 

.9505 

.8856 

1.3358 

1.0013 

.9967 

.9980 

1.0005 

.9970 

.550 

2.701E*08 

.9831 

1.4523 

313.17 

.8111 

.9408 

• 8640 

1.2518 

1.0006 

.9962 

.9977 

1.0007 

.9975 

• 600 

2.879E«-08 

.9828 

1.4517 

311.26 

.7807 

.9304 

.8412 

1.1858 

.9999 

.9958 

.9974 

1.0009 

.9980 

.650 

3.043E4^08 

.9824 

1.4511 

309.23 

.7494 

.9194 

.8174 

1.1338 

.9992 

.9954 

.9970 

1.0012 

.9984 

.700 

3.192E4-08 

.9821 

1.4505 

307.09 

.7174 

.9078 

.7928 

1.0931 

.9984 

.9951 

.9967 

1.0015 

.9988 

.750 

3.326E*08 

• 9818 

1.4498 

304.85 

.6850 

.8956 

.7675 

1.0616 

.9976 

.9948 

.9964 

1.0019 

.9992 

• 800 

3.445Efr08 

.9815 

1.4491 

302.52 

.6525 

.8831 

.7418 

1.0377 

.9969 

.9946 

.9961 

1.0024 

.9995 

.650 

3.550E*-08 

.9812 

1.4483 

300.11 

.6201 

.8701 

.7157 

1.0204 

.9962 

.9946 

.9958 

1.0029 

.9997 

• 900 

3.641E*08 

.9809 

1.4476 

297.63 

.5880 

.8567 

.6894 

1.0088 

.9954 

.9945 

.9955 

1.0035 

.9999 

.950 

3.718Efr08 

• 9806 

1.4468 

295.08 

.5565 

.8431 

.6631 

1.0021 

.9947 

.9946 

.9952 

1.0041 

1 • 0000 

1.000 

3.782E«*08 

.9804 

1.4460 

292.47 

.5255 

.8292 

.6369 

1.0000 

.9941 

• 9948 

• 9950 

1.0047 

1.0000 

1.050 

3.833E«^08 

.9802 

1.445 2 

289.81 

.4954 

.8151 

.6110 

1.0020 

.9934 

.9950 

.9948 

1.0054 

1.0000 

1.100 

3.872E»08 

.9800 

1.4443 

287. 11 

.4662 

.8008 

.5 853 

1.0078 

.9928 

.9953 

.9946 

1.0061 

.9999 

1.150 

3.900E<«08 

.9798 

1.4435 

284.38 

.4379 

.7864 

.5600 

1.0172 

.9922 

.9957 

.9944 

1.0069 

.9997 

1.200 

3.917E*08 

.9796 

1.4426 

281.62 

.41C8 

.7719 

.5352 

1.0299 

.9916 

.9961 

.9942 

1.0077 

.9995 

1.250 

3.924Ef08 

.9795 

1.4418 

278.83 

.3848 

.7574 

.5110 

1.0460 

.9911 

.9966 

.9940 

1.0085 

.9993 

1.300 

3.922E^08 

.9794 

1.4409 

276.02 

.3599 

.7428 

.4874 

1.0652 

.9906 

.9972 

.9939 

1.0093 

. 9990 

1.350 

3.912E+08 

.9793 

1.4401 

273.21 

.3362 

.7283 

.4644 

1.0875 

.9902 

.9978 

.9938 

1.0101 

.9986 

1.400 

3.894E+08 

.9793 

1.4392 

270.38 

.3137 

.7138 

.4422 

1.1129 

.9898 

.9984 

.9937 

1.0109 

.9982 

1.450 

3.869Ef08 

.9793 

1.4384 

267.55 

.2925 

.6994 

• 4207 

1.1415 

.9894 

.9990 

.9935 

1.0117 

.9978 

1.500 

3.837E4-08 

.9793 

1.4375 

264.72 

.2723 

.6851 

.3999 

1.1731 

.9890 

.9997 

.9935 

1.0125 

.9974 

1.550 

3.800E»08 

.9793 

1.4367 

261.89 

.2534 

.6710 

.3799 

1.2079 

.9887 

1.0004 

.9934 

1.0132 

.9970 

1.600 

3.758E«'08 

.9793 

1.4359 

259.07 

.2355 

.6569 

.3607 

1.2459 

.9884 

1.0011 

.9933 

1.0140 

.9966 

1.650 

3.711E+08 

.9794 

1.4350 

256.27 

.2188 

.6431 

.3423 

1.2872 

.9881 

1.0018 

.9932 

1.0147 

.9961 

1.700 

3.660E4'08 

.9795 

1.4342 

253.47 

.2031 

.6294 

.3246 

1.3318 

.9879 

1.0025 

.9931 

1.0154 

.9957 

1.750 

3.605E«^08 

.9796 

1.4335 

250.69 

.1884 

.6159 

.3077 

1.3799 

.9877 

1.0032 

.9931 

1.0160 

.9953 

1.800 

3.548E*08 

.9797 

1.4327 

247.93 

.1747 

.6025 

.2916 

1.4315 

.9875 

1.0038 

.9930 

1.0166 

.9948 

1.650 

3.488E«^08 

.9798 

1.4319 

245.18 

.1619 

.5894 

.2762 

1.4869 

.9873 

1.0045 

.9929 

1.0172 

.9944 

1.900 

3.427E*08 

.9800 

1.4312 

242.46 

• 1500 

• 5766 

• 2616 

1.5460 

.9672 

1.0051 

•9928 

1.0178 

.9941 

1.950 

3.363Ei'08 

• 9801 

1.4305 

239.77 

.1389 

.5639 

.2476 

1.6091 

.9871 

1.0056 

.9928 

1.0183 

.9937 

2.000 

3.298E*08 

.9803 

1.4298 

237.09 

• 1286 

.5515 

.2344 

1.6763 

• 9869 

1.0062 

.9927 

1.0187 

.9934 


VD 

U) 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





J. TT = 

250 K 

PT * 25 

ATM 

OT « 34. 

767 KGM/M3 

CONTINUED 




MACH 

REY/M 

Z 

GAMMA 

H 

P/PT 

T/TT 

0/DT 

A/A« 

w 

P/PT 

T/TT 

O/OT 

A/A« 





M/SEC 






RELATIVE 

TO IDEAL 

GAS VALUES 

0.000 

0. 

.9820 

1.4698 

324.65 

1.0000 

1 .0000 

1.0000 

1 

1.0073 

l.OOOO 

1.0000 

1.0000 

I 

• 050 

3.470E*07 

.9820 

1.4698 

324.55 

.9983 

.9995 

.9988 

11.4947 

X.0072 

1.0000 

1.0000 

1.0001 

.9917 

• 100 

6.916E*07 

.9819 

1.4697 

324.25 

• 9928 

.9979 

.9950 

5.7745 

1.0071 

.9998 

.9999 

1.0000 

.9919 

.150 

1.032Ef08 

.9817 

1.4695 

323.75 

.5840 

.9953 

• 9889 

3.8795 

1.0068 

.9995 

•9997 

1.0001 

• 9921 

.200 

1.365E4'08 

.9815 

1.4693 

323.06 

.9717 

.9916 

.9804 

2.9412 

1.0064 

.9992 

.9995 

1.0001 

.9925 

.250 

1.690E^08 

.9813 

1.4690 

322.19 

.9563 

.9870 

.9696 

2.3856 

1.0059 

• 9968 

.9993 

1.0002 

.9929 

.300 

2.005E«'08 

.9810 

1.4686 

321.13 

.9379 

.9814 

.9566 

2.0216 

1.0053 

.9983 

.9990 

1.0003 

.9934 

.350 

Z.307E»08 

.9807 

1.4682 

319.89 

.9165 

.9748 

.9414 

1.7675 

1.0046 

.9976 

.9987 

1.0002 

.9941 

• 400 

2.595E»08 

.9803 

1.4677 

318.49 

• 8929 

.9674 

• 9245 

1.5818 

1.0039 

.9969 

• 9983 

1.0003 

.9940 

• 450 

2.868Ef08 

• 9800 

1.4672 

316.93 

• 8671 

.9591 

.9059 

1.4420 

1.0030 

.9963 

.9979 

1.0004 

.9954 

.500 

s.iasEt-oe 

.9796 

1.4666 

315.22 

.8394 

.9500 

.8857 

1.3346 

1.0022 

.9957 

.9975 

1.0006 

.9961 

.550 

3.365E«-08 

.9791 

1.4659 

313.37 

• 6102 

.9403 

• 8642 

1.2508 

1.0013 

.9951 

.9971 

1.0009 

.9967 

• 600 

3.587E#'08 

.9787 

1.4652 

311.39 

.7798 

.9296 

.8415 

1.1852 

1.0003 

.9946 

.9967 

1.0012 

.9974 

.650 

3.791E*-J8 

.9783 

1.4645 

309.30 

.7484 

.9187 

• 8177 

1.1334 

.9994 

.9941 

• 9963 

1.0015 

• 9980 

.700 

3.9776*^08 

.9778 

1.4637 

307.09 

.7164 

.9070 

.7932 

1.0928 

.9984 

.9937 

.9959 

1.0020 

.9985 

.750 

4.145E*'08 

.9774 

1.4629 

304.79 

.6840 

.8949 

.7680 

1.0613 

.9974 

.9933 

.9955 

1.0025 

• 9990 

• 800 

4.294Ef08 

.9770 

1.4620 

302.39 

.6515 

• 8622 

.7423 

1.0376 

.9965 

.9931 

.9951 

1.0031 

• 9993 

.050 

4.425E»08 

.9766 

1.4611 

299.92 

.6192 

• 8692 

.7163 

1.0203 

.9955 

.9930 

.9948 

1.0037 

.9997 

• 900 

4.539Ef08 

.9762 

1.4601 

297.37 

.5871 

• 8558 

.6901 

1.0087 

.9946 

.9930 

.9944 

1.0045 

.9999 

.950 

4.636E*-08 

.9759 

1.4592 

294.77 

.5556 

.8421 

.6639 

1.0022 

.9937 

-9931 

.9941 

1.00S2 

1.0000 

1.000 

4.716E*“08 

.9755 

1.4582 

292.11 

• 524 3 

.8282 

.6378 

l.QOOQ 

.9928 

.9933 

.9938 

1.0061 

1.0000 

1.050 

4.781E*08 

.9752 

1.4572 

289.40 

.4947 

.8141 

.6119 

1.0020 

.9920 

• 9936 

.9935 

1.0070 

1.0000 

1.100 

4.031E*O8 

.9749 

1.4561 

286.65 

.4656 

.7990 

• 5863 

1.0078 

.9912 

.9940 

.9933 

1.0079 

.9999 

1.150 

4.867E*-08 

.9747 

1.4551 

283.88 

.4374 

.7854 

.5611 

1.0171 

• 9904 

.9944 

.9931 

1.0069 

•9997 

1.200 

4.889E*0e 

.9745 

1.4540 

281.07 

.4103 

.7709 

.5364 

1.0298 

.9897 

.9950 

.9929 

1.0099 

.9994 

1.250 

4.900E«>08 

.9743 

1.4530 

278.25 

.3844 

.7563 

.5122 

1.0456 

.9891 

.9957 

.9927 

1.0109 

.9991 

1.300 

4.898E*0a 

.9742 

1.4519 

275.41 

.3596 

.7418 

.4887 

1.0649 

.9884 

.9964 

.9925 

1.0119 

.9987 

1.350 

4.887E4-08 

.9741 

1.4508 

272.57 

.3360 

.7273 

• 4658 

1.0871 

.9879 

.9971 

.9924 

1.0129 

• 9982 

1.400 

4.866E*-08 

.9740 

1.4498 

269.71 

.3136 

.7128 

.4436 

1.1124 

.9873 

.9979 

.9922 

1.0140 

.9978 

1.450 

4.835E*08 

.9740 

1.4487 

266.86 

• 2924 

• 6984 

• 4221 

1.1408 

.9868 

• 9988 

.9921 

1.0150 

.9972 

1.500 

4.797E«*08 

.9739 

1.4477 

264.01 

.2723 

.6842 

.4013 

1.1723 

.9864 

.9996 

.9920 

1.0160 

• 9967 

1.550 

4.752E*08 

.9740 

1.4466 

261.17 

.2534 

.6700 

• 3813 

1.2069 

.9860 

1.0005 

.9919 

1.0170 

• 9962 

1.600 

4.700E*‘08 

.9740 

1.4456 

258.34 

.2356 

• 6560 

.3621 

1.2447 

.9856 

1.0014 

.9918 

1.0180 

.9956 

1.650 

4.643E»08 

.9741 

1.4446 

255.52 

.2189 

• 6421 

.3437 

1.2858 

.9853 

1.0023 

.9917 

1.0189 

• 9950 

1.700 

4.581E*'08 

.9742 

1.4436 

252.71 

.2033 

.6264 

.3260 

1.3302 

.9850 

1.0032 

.9916 

1.0198 

.9945 

1.750 

4. 5146 4-08 

.9743 

1.4426 

249.92 

• 1886 

.6149 

.3091 

1.3780 

.9847 

1.0041 

.9916 

1.0206 

.9939 

1.800 

4.44364^08 

.9744 

1.4416 

247.16 

.1749 

• 6016 

• 2930 

1.4294 

.9844 

1.0049 

.9915 

1.0214 

.9934 

1.850 

4.3696 fr08 

.9746 

1.4407 

244.41 

.1621 

• 5886 

.2776 

1.4845 

.9842 

1.0057 

.9914 

1.0222 

.9929 

1.900 

4.2936^08 

.9747 

1.4397 

241.69 

.1502 

.5757 

• 2629 

1.5434 

• 9840 

1.0065 

.9913 

1.0229 

.9924 

1.950 

4.214EV08 

.9749 

1.4388 

238.99 

.1391 

.5631 

.2489 

1.6062 

.9839 

1.0072 

.9912 

1.0235 

.9920 

2.000 

4.13464-08 

.9751 

1.4379 

236.32 

• 1288 

• 5506 

• 2356 

1.6731 

.9837 

1.0079 

.9911 

1.0241 

• 9915 



TABLE U REAL-GAS ISENTRUPIC EXPANSIONS OF NITROGEN 





J. TT * 

250 K 

PT * 30 

ATM 

OT « 41. 

651 KGN/M3 

CONCLUDED 




NACH 

R6Y/H 

1 

GANHA 

W 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

t/TT 

O/OT 

A/A* 





M/SEC 






TO IDEAL 

GAS VALUES 

0.000 

0. 

•9789 

1.4843 

325.36 

1.0000 

1.0000 

1.0000 

I 

1.0096 

1.0000 

I .0000 

1.0000 

1 

.050 

4.152Efr07 

.9789 

1.4842 

325.26 

.9983 

• 9995 

.9988 

11.4721 

1.0095 

1.0000 

1.0000 

l.OOOI 

.9897 

.100 

8.2T6e*0T 

.9766 

1.4641 

324.97 

• 9928 

• 9979 

.9950 

5.7634 

1.0093 

.9997 

.9999 

l.OOOO 

• 9900 

• 150 

1.235E«'08 

.9786 

1.4639 

324.45 

.9839 

.9952 

.9869 

3.8723 

1.0089 

.9994 

.9997 

1.0001 

.9903 

• 200 

1.6346*06 

.9783 

1.4837 

323.73 

.6715 

.9915 

.9804 

2.9359 

1.0084 

.9990 

.9995 

1.0001 

.9907 

• 250 

2.023E»06 

.9780 

1.4833 

322.81 

• 9560 

.9868 

• 9696 

2.3816 

1.0076 

.9985 

.9992 

1.0002 

.9912 

.300 

2.398E*08 

.9777 

1.4829 

321.70 

.9373 

.9811 

• 9565 

2.0188 

1.0071 

,9977 

• 9988 

1.0001 

• 9920 

.350 

2.760E+06 

.9773 

1.4824 

320.41 

• 9160 

.9745 

.9415 

1.7651 

1.0063 

.9970 

.9984 

1.0002 

.9928 

•400 

3.104E4>06 

.9768 

1.4818 

318.95 

.0922 

.9670 

.9246 

1.5799 

1.0053 

.9962 

• 9980 

1.0004 

.9935 

• 450 

3.4316*06 

.9763 

1.4812 

3J7.33 

• 866 3 

.9587 

.9060 

1.4405 

1.0043 

.9955 

.9975 

1.0005 

.9944 

• 500 

3.739E*-08 

.9758 

1.4805 

315.55 

• 8366 

.9496 

.8859 

1.3334 

1.0032 

.9947 

.9971 

1.0006 

.9952 

• 550 

4.026E«-08 

.9753 

1.4798 

313.63 

• 8093 

.9397 

• 6644 

1.2499 

1.0021 

.9940 

• 9966 

1.0011 

• 9960 

• 600 

4.292E»08 

.9747 

1.4790 

311.59 

.7788 

.9292 

.8417 

1.1043 

1.0010 

.9933 

.9961 

1.0015 

.9967 

.650 

4.536Et08 

.9742 

1.4781 

309.42 

.7474 

.9180 

• 8160 

1.1327 

.9998 

,9927 

•9956 

1.0020 

.9975 

.700 

4.759E«-08 

.9736 

1.4772 

307.14 

.7153 

.9063 

.7936 

1.0923 

.9986 

.9922 

.9951 

1.0025 

.9981 

.750 

4.960E»v)8 

.9731 

1.4762 

304.77 

.6830 

.8941 

.7685 

1.0610 

.9974 

• 9918 

.9946 

1.0032 

.9987 

• 800 

5.139E*-08 

.9726 

1.4752 

302.30 

.6505 

.8814 

.7429 

1.0373 

.9962 

.9916 

.9942 

1.0039 

.9991 

.650 

5.2976*06 

.9720 

1.4741 

299.76 

.6182 

.8683 

.7170 

1.0202 

.9950 

.9914 

.9938 

1.0047 

• 9995 

• 900 

5.433E^08 

.9716 

1.4730 

297.15 

.5862 

.8549 

.6909 

1.0086 

.9939 

.9914 

.9934 

1.0056 

.9998 

.950 

5.550E«^08 

.9711 

1.4719 

294.49 

.5547 

.8412 

• 6646 

1.0022 

.9928 

.9915 

.9930 

1.0065 

1.0000 

1.000 

5.647E08 

.9707 

1.4707 

291.78 

.5239 

.8272 

.6387 

1.0001 

.9917 

.9917 

.9927 

1.0075 

1.0001 

1.050 

5.725E«-08 

.9703 

1.4695 

289.02 

• 4940 

.8131 

.6129 

1.0020 

.9907 

.9921 

.9924 

1.0086 

1.0000 

1.100 

5.786E*08 

.9699 

1.4683 

286.22 

• 4649 

.7988 

.5874 

1.0078 

.9897 

.9925 

.9921 

1.0097 

.9999 

1.150 

5.830E«*08 

.9696 

1.4670 

283.40 

.4369 

.7844 

.5623 

1.0170 

• 9888 

.9931 

.9918 

1.0109 

.9996 

1.200 

5.859E>08 

.9693 

1.4658 

280.55 

.4099 

.7699 

.5376 

1.0297 

.9079 

.9938 

.9916 

1.0122 

.9993 

1.250 

5.873E*'08 

.9691 

1.4645 

277.69 

.3840 

.7554 

.5135 

1.0455 

.9871 

.9946 

.9914 

1.0134 

.9989 

1.300 

5.873E«‘08 

.9689 

1.4632 

274.82 

.3593 

.7408 

.4900 

1.0645 

.9863 

.9955 

• 9912 

1.0147 

.9984 

1.350 

5.860E«>06 

•9688 

1.4620 

271.94 

.3358 

.7263 

.4672 

1.0867 

.9056 

.9964 

.9910 

1.0160 

.9978 

1.400 

5.836E»08 

.9687 

1.4607 

269.07 

.3135 

.7119 

.4450 

1.1118 

.9849 

.9974 

.9909 

1.0173 

.9973 

1.450 

5.802E^08 

• 9686 

1.4594 

266.19 

.2923 

.6975 

.4236 

1.1400 

.9043 

.9985 

.9908 

1.0185 

.9966 

1.500 

S.TSSEi-OS 

• 9686 

1.4582 

263.32 

.2723 

.6832 

• 4028 

1.1714 

.9838 

.9995 

.9906 

1.0198 

.9960 

1.550 

5.705E*08 

•9686 

1.4569 

260.46 

.2535 

.6691 

.3829 

1.2058 

.9033 

1.0006 

.9905 

1.0210 

.9953 

1.600 

5.644E»'O0 

• 9686 

1.4557 

257.61 

.2357 

.6551 

.3637 

1.2434 

.9828 

1.0017 

.9904 

1.0222 

.9946 

1.650 

5.57TE»08 

.9687 

1.4544 

254.70 

• 2190 

.6412 

• 3452 

1.2843 

.9824 

1.0026 

.9904 

1.0233 

.9939 

1.700 

5.504EI-08 

• 9688 

1.4532 

251.96 

.2034 

.6276 

• 3275 

1.3285 

• 9820 

1.0039 

.9903 

1.0244 

.9932 

1.750 

5.425Efr08 

.9689 

1.4520 

249.17 

• 1688 

• 6141 

• 3106 

1.3761 

.9817 

1.0050 

.9902 

1.0255 

.9926 

1.600 

5.341Efr08 

.9690 

1.4509 

246.40 

.1751 

• 6008 

.2944 

1.4272 

.9814 

1.0060 

.9901 

1.0264 

.9919 

1.850 

5.254E*08 

.9692 

1.4497 

243.65 

.1624 

.5077 

.2790 

1.4821 

.9811 

1.0070 

• 9900 

1.0274 

.9913 

1.900 

5.163E^08 

•9694 

1.4486 

240.92 

.1505 

.5749 

.2643 

1.5407 

.9809 

1.0080 

.9899 

1.0262 

.9907 

1.950 

5.070E^08 

.9696 

1.4475 

238.22 

.1394 

.5623 

.2503 

1.6032 

.9807 

1.0089 

.9898 

1.0290 

.9901 

2.000 

4.975E^08 

.9699 

1.4464 

235.55 

• 1291 

.5499 

.2369 

1.6698 

.9805 

1.0098 

.9897 

1.0298 

.9896 


VX> 

U1 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 



... 


K. 

IT » 300 

K PT 

* 1 ATM 

DT 

= 1.138 

KGH/M3 





MACH 

REY/M 

L 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A* 

W 

P/PT 

T/TT 

070 T 

A/A* 










KcLA 1 1 VC 

1 U 1 UCAL 

uAd VALUCo 


0.000 

0. 

.9998 

1.4017 

353.21 

1.G003 

1.0000 

1.0000 

1 

1.0004 

1.0000 

1.0000 

1.0000 

1 

*050 

1.116E«'06 

.9998 

1.40X7 

353.12 

.9982 

• 9995 

.9987 

11.5890 

1.0004 

l.COOO 

1.0000 

1.0000 

.9998 

• 100 

2.22$E«-0« 

• 9998 

1.4017 

352.66 

.9930 

.9980 

.9950 

5.8206 

1.0004 

1.0000 

1.0000 

1.0000 

.9998 

• 150 

3.319E«^06 

.9998 

1.4017 

352.42 

• 9844 

.9955 

.9888 

3.9095 

1.0004 

1.0000 

1.0000 

1.0000 

.9998 

• 200 

. 4.392Ef06 

.9998 

1.4017 

351.80 

.9725 

.9921 

.9803 

2.9630 

1.0004 

i.aooo 

1.0000 

1.0000 

.9998 

• 250 

5,A36E*06 

.9998 

1.4017 

351.01 

.<J574 

.9876 

.9694 

2.4023 

1.0004 

.9999 

1.0000 

1.0000 

.9998 

• 300 

6 .4456 •'06 

.9998 

1.4017 

350.06 

.9394 

•9623 

• 9564 

2.0348 

1.0004 

.9999 

1*0000 

1.0000 

.9998 

•350 

7.4146f06 

.9998 

1.4017 

348.94 

• 9187 

.9760 

.9413 

1.7777 

1.0004 

.9999 

1.0000 

1 .0000 

.9999 

• 400 

8.337E*-06 

.9998 

1.4017 

347.66 

.8955 

.9689 

.9242 

1.S900 

1.0003 

.9999 

1.0000 

1.0000 

.9999 

.450 

9.211E«'06 

.9998 

1.4017 

346.23 

• 8701 

.9610 

• 9055 

1.4486 

1.0003 

.9998 

.9999 

1.0000 

.9999 

• 500 

1.003E«'07 

.9997 

1.4017 

344.66 

.8431 

.9523 

.8853 

1.3394 

1.0003 

1.0000 

.9999 

1.0002 

.9997 

• 550 

1.080Efr07 

.9997 

1.4017 

342.94 

.8142 

.9429 

• 8636 

1.2546 

1.0003 

1.0001 

.'J999 

1.0002 

.9997 

• 600 

1.150EI-07 

.9997 

1.4016 

341.09 

.7839 

.9327 

.8405 

1.1861 

1.0003 

.9998 

.9999 

1.0000 

.9999 

• 650 

1.214E*'07 

.9997 

1.4016 

339.11 

.7527 

.9220 

.8165 

1.1355 

1.0002 

.9998 

.9999 

1.0000 

.9999 

• 700 

1.273E»07 

• 9997 

1.4016 

337.01 

.7208 

•9106 

.7916 

1.0943 

1.0002 

.9998 

•9999 

1.0001 

1.0000 

.750 

1.32SE»07 

.9997 

1.4016 

334.79 

• 6884 

•8987 

.7661 

1.0624 

1.0002 

.9998 

• 9999 

1.0001 

1.0000 

• 800 

l.371Efr07 

.9996 

1.4016 

332.47 

.6559 

.8864 

.7401 

1.0382 

1.0001 

.9997 

• 9998 

1.0001 

1.0000 

• 850 

1.411EI-07 

.9996 

1.4016 

330.06 

.6233 

.8736 

.7137 

1.0207 

1.0001 

.9997 

.9998 

1.0001 

1.0000 

.900 

1.445E^0T 

.9996 

1.4016 

327.56 

• 5911 

• 8604 

• 6871 

1.0069 

1.0001 

• 9997 

.9998 

1.0001 

1.0000 

.950 

1.474E^-07 

• 9996 

1.4016 

324.97 

.5593 

.8469 

• 6605 

1.0021 

1.0001 

.9997 

.9998 

1 • 0002 

1.0000 

1.000 

1.497E4'07 

.9996 

1.4015 

222.31 

.5281 

.8331 

• 6341 

1.0000 

1.00 30 

.9997 

.9998 

1.0002 

1.0000 

1.050 

1.515E«'07 

• 9996 

1.4015 

319.58 

.4977 

• 8191 

• 6078 

1.0020 

1.0000 

.9997 

.9998 

1.0002 

1.0000 

1.100 

1.528E*'07 

.9995 

1.4015 

316.79 

.4682 

• 8050 

• 5818 

1.0079 

1.0000 

.9997 

.9998 

1.0002 

1.0000 

1.150 

l.536Ei^0T 

.9995 

1.4015 

313.95 

.4397 

.7906 

• 5563 

1.0174 

.9999 

.9997 

.9997 

1.0003 

1.0000 

1.200 

1.540EI-07 

.9995 

1.4014 

311.07 

.4123 

.7762 

.5313 

1.0304 

.9999 

.9997 

.9997 

1.0003 

1.0000 

1.250 

1.540E*'07 

• 9995 

1.4014 

308.14 

• 3860 

• 7617 

• 5069 

1.0467 

• 9999 

.9998 

.9997 

1.0004 

1.0000 

1.300 

1.537E*'07 

.9995 

1.4014 

305 . 19 

• 3608 

.7472 

•4831 

1.0663 

.9999 

.9998 

.9997 

1.0004 

1.0000 

1.350 

1.530Ef07 

.9995 

1.4014 

302.20 

• 3369 

• 7327 

• 4600 

1.0890 

.9998 

• 9990 

.9997 

1.0004 

.9999 

1.400 

l.520Ef07 

.9995 

1.4013 

299.19 

• 3142 

.7182 

.4376 

1.1148 

• 9998 

.9990 

.9997 

1.0005 

.9999 

1.450 

1.507Ef07 

.9995 

1.4013 

296.17 

.2927 

.7038 

.4160 

1.1436 

.9998 

.9999 

• 9997 

1.0005 

.9999 

1.500 

1.492Efr07 

.9995 

1.4013 

293.14 

.2724 

.6894 

.3952 

1.1760 

.9998 

• 9999 

.9997 

1.0006 

.9999 

1.550 

X.475E*^07 

.9995 

1.4012 

290.10 

• 2532 

.6752 

.3752 

1.2114 

.9998 

.9999 

.9997 

1.0006 

• 9998 

1.600 

1.455 £♦07 

• 9995 

1.4012 

287.06 

• 2353 

•6612 

.3560 

1.2500 

.9998 

1.0000 

.9997 

1.0006 

.9998 

1.650 

1.434E«'07 

.9995 

1.4012 

264.01 

• 2184 

.6472 

.3375 

1.2920 

.9997 

1.0000 

.9997 

1.0007 

.9998 

1.700 

1.412E4-07 

.9995 

1.4012 

280.98 

• 2026 

• 6335 

• 3199 

1.3373 

.9997 

1.0000 

.9997 

1 .0007 

.9998 

1.750 

1.388E*07 

.9995 

1.4011 

277.95 

.1878 

.6X99 

• 3031 

1.3861 

.9997 

1.0001 

.9997 

1.0006 

.9997 

1.800 

1.364EV07 

• 9995 

1.4011 

274.94 

• 1741 

,6066 

• 2870 

1.4386 

.9997 

1.0001 

• 9997 

1.0006 

.9997 

1*850 

1.338E«'07 

• 9995 

1.4011 

271.94 

• 1612 

.5934 

.2718 

1.4947 

.9997 

1.0001 

.9997 

1.0008 

.9997 

1 .900 

1.312E»07 

.9995 

1.4010 

268.96 

• 1493 

• 5805 

• 2572 

1.5547 

.9997 

1.0002 

• 9996 

1.0009 

• 9997 

1.950 

i.286E«'07 

.9995 

1.4010 

266.00 

• 1382 

.5678 

.2434 

1.6187 

.9997 

1.0002 

• 9996 

1.0009 

.9996 

2.000 

1.259E4'07 

.9995 

1.4010 

263. C7 

.1278 

.5554 

.2303 

1.6869 

.9997 

1.0002 

• 9996 

1.0009 

• 9996 



TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





K. TT * 

300 K 

PT = 3 

ATM 

OT * 3, 

>416 KGM/M3 

CCNTINUEO 




HACH 

REY/M 

2 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A* 

M 

P/PT 

•RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9995 

1.4051 

353.53 

1.0000 

1 .0000 

1.0000 

I 

1.0013 

l.COOO 

1.0000 

l.OOOO 

1 

• 050 

3.343E«-06 

.9995 

1.4051 

353.44 

.9982 

.9995 

• 9988 

11.5829 

1.0013 

l.OUOO 

1.0000 

1.0000 

.9993 

.100 

6.665E«>06 

.9995 

1.4051 

353.17 

.9930 

.9980 

.9950 

5.8175 

1.0013 

1.0000 

l.OOOO 

1.0000 

.9993 

• ISO 

9.942Efr06 

.9995 

1.4051 

352.72 

.9 844 

.9955 

• 9889 

3.9075 

1.0013 

1.0000 

1.0000 

1.0000 

.9993 

.200 

1.316E»07 

.9994 

1.4051 

352.10 

.9725 

.9920 

.9803 

2.9613 

1.0013 

1.0000 

1.0000 

1.0001 

.9993 

.250 

l.628E^07 

.9994 

1.4051 

251.30 

.9574 

.9876 

.9695 

2.4010 

1.0012 

l.OOOO 

.9999 

1.0001 

.9993 

• 300 

1.931E^’07 

.9994 

1.4051 

350.33 

.9394 

.9822 

.9565 

2.0336 

1.0012 

l.COOO 

.9999 

1.0001 

.9993 

.350 

2.221Efr07 

.9993 

1.4051 

349.20 

.9187 

.9760 

.9415 

1.7767 

l.OOll 

.9999 

.9999 

1.0002 

.9993 

• 400 

2.498E«-07 

.9993 

1.4050 

347.91 

.8955 

.9688 

.9245 

1.5890 

1.0010 

.9999 

.9998 

1.0002 

.9993 

.450 

2.759Efr07 

.9993 

1.4050 

346.46 

.8699 

.9609 

.9055 

1.4481 

l.OOlO 

.9996 

.9998 

1.0000 

.9996 

.500 

3.005Ef07 

.9992 

1.4050 

344.06 

.8427 

.9522 

• 8652 

1.3394 

1.0009 

.9996 

.9998 

1.0001 

.9996 

• 550 

3.233E4-07 

.9992 

1.4049 

343.12 

.8138 

.9427 

.8635 

1.2546 

1.0006 

,9995 

.9997 

1.0001 

• 9997 

•600 

3.445Ef07 

.9991 

1.4049 

341.25 

.7036 

.9325 

.8405 

1.1879 

1.0007 

.9994 

.9997 

1.0001 

• 9996 

• 650 

3.638E«*07 

.9991 

1.4048 

339.25 

.7524 

.9218 

.8166 

1.1354 

1.0006 

.9994 

.9997 

1.0001 

.9998 

.700 

3.813E^07 

.9990 

1.4048 

337. 12 

.7205 

.9104 

.7917 

1.0942 

1.0006 

.9993 

.9996 

1.0002 

.9999 

.750 

3.969E«’07 

.9990 

1.4047 

334.89 

.6881 

.8985 

.7662 

1.0623 

1.0005 

.9993 

.9996 

1.0002 

.9999 

• 600 

4.107Efr07 

.9989 

1.4047 

332.55 

.6555 

• 8861 

.7402 

1.0382 

1.0004 

.9993 

.9995 

1.0003 

.9999 

• 850 

4.227E*07 

• 9989 

1.4046 

330.11 

.6230 

.8733 

.7139 

1.0206 

1.0003 

• 9992 

• 9995 

1.0003 

1.0000 

.900 

4.330EI-07 

.9988 

1.4045 

327.59 

.5908 

.8601 

.6873 

1.0089 

1.0002 

.9992 

.9995 

1.0004 

1.0000 

• 950 

4.416E«^07 

• 9988 

1.4045 

324.98 

.5590 

• 8466 

.6608 

1.0021 

1.0001 

.9992 

.9994 

1.0005 

1.0000 

I. 000 

4.485Efr07 

.9987 

1.4044 

322.30 

.5279 

.8328 

.6343 

1.0000 

1.0000 

.9992 

.9994 

1.0006 

1.0000 

1.050 

4.539E«*07 

.9987 

1.4043 

319.56 

.4975 

• 8188 

• 6081 

1.0020 

.9999 

.9992 

.9994 

1.0007 

1.0000 

1.100 

4.579E»07 

.9987 

1.4042 

316.75 

.4680 

.6046 

.5821 

1.0079 

.9998 

.9993 

.9993 

l.OOOB 

1.0000 

1.150 

4.604E«-07 

• 9986 

1.4041 

313.90 

.4395 

.7903 

• 5566 

1.0174 

• 9996 

.9993 

.9993 

1.0009 

1.0000 

1.200 

4.617E»07 

.9986 

1.4041 

311.00 

.4121 

.7758 

.5317 

1.0304 

.9997 

.9993 

.9993 

1.0010 

.9999 

1.250 

4.618E4^07 

• 9985 

1.4040 

308.06 

.3858 

.7613 

.5072 

1.0467 

• 9996 

• 9994 

.9993 

1.0011 

.9999 

1*306 

4.607E«‘07 

.9985 

1.4039 

305.09 

.3607 

.7468 

.4835 

1.0662 

.9995 

.9995 

.9992 

1.0012 

.9999 

1.350 

4.587E«‘07 

.9985 

1.4038 

302.09 

.3368 

.7323 

• 4604 

1.0668 

.9995 

.9995 

.9992 

1.0013 

• 9996 

1#400 

4.558E*07 

• 9985 

1.4037 

299.08 

.3141 

.7178 

.4360 

1.1147 

.9994 

.9996 

.9992 

1.0014 

•9998 

1.450 

4.520E*07 

• 9985 

1.4036 

296.04 

.2926 

.7034 

• 4164 

1.1436 

.9994 

.9997 

.9992 

1.0015 

.9997 

1.500 

4.475E*07 

• 9984 

1.4036 

293.00 

• 2723 

•6891 

.3956 

1.1757 

.9993 

.9998 

•9992 

1.0016 

•9996 

1.550 

4.423Et07 

• 9984 

1.4035 

289.95 

.2532 

.6749 

.3756 

1.2111 

.9993 

.9999 

.9992 

1.0017 

.9996 

1.600 

4.366E»07 

.9984 

1.4034 

286.90 

• 2353 

• 6608 

• 3564 

1.2496 

• 9992 

1.0000 

.9992 

1.0019 

.9995 

1.650 

4.303E*07 

.9984 

1.4033 

283.66 

• 2184 

•6469 

• 3380 

1.2915 

.9992 

1.0001 

.9992 

1.0020 

.9994 

1.700 

4.237£*07 

.9984 

1.4032 

260.82 

• 2026 

.6332 

.3204 

1.3368 

.9991 

1.0002 

.9992 

1.0021 

.9994 

1.750 

4.166E«^07 

• 9984 

1.4032 

277.79 

.1879 

.6196 

.3035 

1.3855 

• 9991 

1.0002 

.9992 

1.0022 

.9993 

1.800 

4.093EO7 

.9984 

1.4031 

274.77 

.1741 

• 6063 

.2875 

1.4379 

.9991 

1.0003 

.9992 

1.0023 

.9992 

1.850 

4.017£»07 

.9964 

1.4030 

271.77 

• 1613 

.5931 

.2722 

1.4939 

• 9990 

1.0004 

•9992 

1.0024 

.9992 

1.900 

3.939E«>07 

• 9984 

1.4029 

266.79 

• 1493 

• 5802 

• 2576 

1.5539 

• 9990 

1.0005 

.9991 

1.0025 

.9991 

1.950 

3.859E^07 

• 9984 

1.4029 

265.83 

.1382 

.5675 

• 2438 

1.6178 

• 9990 

1.0U06 

•9991 

1.0026 

•9990 

2.000 

3.7796»C7 

.9984 

1.4028 

262.89 

.1279 

.5551 

.2307 

1.6858 

• 9990 

1.0007 

.9991 

1.0026 

• 9990 


VO 



VO 

oo 


TABLE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





K. TT « 

300 K 

PT » 5 

ATM 

OT * 5. 

695 KGM/M3 

CCNTIKUEO 




MACH 

RET/M 

Z 

GAMNA 

W 

M/SEC 

P/PT 

T/TT 

D/OT 

A/A4> 

W 

P/PT 

T/TT 

0/DT 

A/A* 










Re La 1 1 VC 

lU lUCM. 

VALUCa** 


0*000 

0. 

.9991 

1.4086 

353.86 

1.0000 

1.0000 

1.0000 

I 

1.0023 

1.0000 

1.0000 

1.0000 

I 

.050 

5.564E»06 

.9991 

1.4086 

353.77 

• 9982 

.9995 

• 9988 

11.5767 

1.0023 

1.0000 

1.3000 

1.0000 

.99S7 

.100 

1.109E«^07 

•9991 

1.4086 

353.50 

.9930 

.9980 

• 9951 

5.8144 

1.0022 

1.0000 

1 .0000 

1.0000 

.9987 

• 150 

1.655E«'07 

.9991 

1.4086 

353.04 

.9844 

.9955 

.9889 

3.9054 

1.0022 

1.3000 

1.0000 

1.0001 

• 9987 

•aoo 

2*189E»07 

.9991 

1.4086 

352.41 

.9725 

.9920 

.9804 

2.9597 

1.0021 

1.0000 

.9999 

1 .0001 

.9987 

.250 

2.710E»07 

.9990 

1.4086 

351.60 

.9574 

.9875 

• 9696 

2.3996 

1.002L 

1.3000 

.9999 

1.0002 

.9987 

.300 

3.212E«'07 

.9990 

1.4085 

350.62 

.9392 

.9822 

• 9564 

2.0331 

1.0020 

.9997 

•9998 

1.0000 

.9990 

• 350 

3.695E*-07 

• 9989 

1.4085 

349.47 

.9184 

.9759 

.9413 

1.7764 

1.0019 

• 9996 

.9998 

1.0000 

.9991 

•400 

4.156Ei‘07 

• 9989 

1.4084 

348.16 

• 8952 

.9687 

• 9243 

1.5889 

1.0018 

• 9995 

.9997 

1.0000 

.9992 

.450 

4.591E*07 

• 9988 

1.4084 

346.69 

.8697 

.9608 

.9056 

1.4477 

1.0016 

.9994 

.9997 

1.0001 

• 9993 

.500 

5.000E*07 

.9987 

1.4083 

345.07 

• 8424 

.9520 

• 8853 

1.3391 

1.0015 

.9993 

•9996 

1.0001 

• 9994 

• 550 

5.381E*07 

• 9986 

1.4082 

343.31 

.8135 

.9425 

• 8635 

1.2543 

1.0014 

.9992 

.9996 

1.0001 

.9995 

• 600 

5.733E»07 

.9986 

1.4081 

341.42 

.7833 

• 9324 

• 8406 

1.1877 

1.0012 

• 9991 

.9995 

1.0002 

• 9996 

• 650 

6.054E*07 

.9985 

1.4080 

339.39 

.7521 

•9216 

• 8166 

1.1353 

1.0011 

.9990 

.9994 

1.0002 

.9997 

.700 

6.345E4'07 

• 9984 

1.4079 

337.25 

.7201 

.9102 

.7918 

1.0941 

1.0009 

• 9989 

.9994 

1.0003 

.9998 

.750 

6.606E«’07 

.9983 

1.4078 

334.99 

.6878 

• 8982 

.7663 

1.0623 

1.0008 

.9988 

.9993 

1.0004 

• 9998 

•800 

6.8368^07 

• 9982 

1.4077 

332.63 

.6552 

• 8858 

.7404 

1.0301 

1.0006 

• 9988 

• 9992 

1.0005 

.9999 

• 850 

7,037E*07 

•9981 

1.4076 

330.17 

• 6227 

.8730 

.7140 

1.0206 

1.0005 

.9987 

.9992 

1.0006 

1.0000 

• 900 

7.208E«*07 

.9980 

1.4075 

327.62 

.5905 

• 8598 

.6875 

1.0089 

1.0003 

.5987 

.9991 

1.0007 

1.0000 

• 950 

7.351E*07 

• 9980 

1.4074 

325.00 

.5587 

• 8463 

• 6610 

1.0022 

1.0001 

• 9987 

.9991 

1.0008 

1.0000 

1.000 

7.468E«*07 

.9979 

1.4072 

322.30 

.5276 

.8325 

.6346 

1.0000 

1.0000 

.9987 

• 9990 

1.0010 

1.0000 

1.050 

7.558E«-07 

.9978 

1.4071 

319.54 

.4973 

.8185 

.6083 

1.0020 

.9999 

• 9988 

.9990 

1.0011 

1.0000 

1.100 

7.624E«'07 

• 9978 

1.4070 

316.72 

•4678 

• 8043 

.5824 

1.0079 

.9997 

.9988 

• 9989 

1.0013 

1.0000 

1.150 

7.668E*07 

.9977 

1.4068 

313.84 

.4393 

.7899 

.5570 

1.0174 

.9996 

• 9989 

.9989 

1.0014 

1.0000 

1.200 

7.6898*^07 

.9976 

1.4067 

310.93 

.4120 

.7755 

.5320 

1.0303 

.9995 

.9989 

• 9988 

1.0016 

.9999 

1.250 

7.691£#-07 

.9976 

1.4066 

307.98 

.3857 

• 7610 

.5076 

1.0466 

.9993 

.9990 

.9988 

1.0018 

.9996 

1.300 

7.675£»07 

.9975 

1.4064 

304.99 

• 3606 

.7465 

• 4839 

1.0661 

.9992 

.9991 

• 9988 

1.0020 

• 9998 

1.350 

7.642E*-07 

.9975 

1.4063 

301.99 

.3367 

.7320 

• 4608 

1.0887 

.9991 

.9993 

• 9988 

1.0022 

.9997 

1.400 

7.593E*07 

.9974 

1.4061 

298.96 

• 3141 

.7175 

.4385 

1.1145 

.9990 

.9994 

.9987 

1.0023 

.9996 

1.450 

7.531£#'07 

.9974 

1.4060 

295.92 

• 2926 

.7031 

.4169 

1.1434 

.9989 

.9995 

.9987 

1.0025 

.9995 

1.500 

7.4576*07 

• 9974 

1.4059 

292.87 

• 2723 

• 6888 

• 3961 

1.1755 

.9989 

• 9997 

.9987 

1.0027 

.9994 

1.550 

7.3716*07 

.9974 

1.4057 

289.81 

• 253 2 

.6746 

.3761 

1.2107 

.9988 

.9998 

.9987 

1.0029 

.9993 

1.600 

7.2776*07 

.9973 

1.4056 

286.75 

• 2353 

• 6605 

• 3568 

1.2492 

.9987 

1*0000 

.9987 

1.0031 

• 9992 

1.650 

7.173E*07 

.9973 

1.4055 

283.70 

• 2184 

.6466 

• 3384 

1.2910 

• 9986 

1.0001 

.9987 

1.0033 

.9991 

1.700 

7.0636*07 

.9973 

1.4053 

280.66 

.2027 

.6329 

• 3208 

1.3362 

.9986 

1*0003 

.9987 

1.0034 

• 9990 

1.750 

6.9466*07 

.9973 

1.4052 

277.62 

.1879 

.6193 

• 3040 

1.3849 

.9985 

1.0004 

.9987 

1.0036 

.9989 

1.800 

6.8246*07 

.9973 

1.4051 

274.60 

.1741 

• 6060 

.2879 

1.4372 

.9985 

1.0006 

.9987 

1.0036 

• 9968 

1.850 

6.6986*07 

.9973 

1.4050 

271.60 

• 1613 

.5929 

.2726 

1.4932 

.99 84 

1.0007 

.9987 

1.0039 

.9986 

1.900 

6.5686*07 

.9973 

1.4048 

268.61 

• 1494 

.5799 

.2580 

1.5530 

• 9964 

1.0009 

.9987 

1.0041 

.9985 

1.950 

6.4366*07 

• 9973 

1.4047 

265.65 

• 1383 

.5673 

• 2442 

1.6168 

• 9983 

1.0010 

.9987 

1*0042 

• 9984 

2.000 

6.3026*07 

.9973 

1.4046 

262.71 

.1280 

.5548 

.2311 

1.6847 

.9983 

1.0012 

.9986 

1.0044 

• 9983 


TABLE U REAL -GAS ISENTROPlC EXPANSIONS OF NITROGEN 





K. TT * 

300 K 

PT * 

8 ATM 

OT « 9. 

116 KGM/M3 

CONTINUED 




MACH 

REY/M 

1 

GAMMA 

W 

P/PT 

T/TT 

D/OT 

A/ A* 

W 

P/PT 

T/TT 

D/OT 

A/AA 





M/SEC 





RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

.9987 

1.4139 

354.37 

1.0000 

1.0000 

1.0000 

1 

1.0037 

l.OOOO 

1.0000 

l.OOOO 

1 

.050 

8.882E«^06 

.9987 

1.4139 

354.28 

.9983 

.9995 

.9988 

11.5676 

1.0037 

1.0000 

l.OOOO 

1.0000 

.9979 

• 100 

1.771E«'07 

.9987 

1.4139 

354.00 

.9930 

.9980 

.9951 

5.8098 

1.0037 

1.0000 

1.0000 

1.0001 

.9979 

.150 

2.642Ef07 

.9986 

1.4138 

353.54 

.9844 

.9955 

.9890 

3.9022 

1.0036 

1.0000 

.9999 

1.0001 

.9979 

.200 

3.495E«^07 

.9986 

1.4138 

352.89 

.9723 

.9920 

.9803 

2.9580 

1.0035 

•9998 

.9999 

1.0000 

.9961 

.250 

4.325E«-07 

.9985 

1.4137 

352.06 

.9571 

.9875 

.9694 

2.3985 

1.0034 

• 9996 

.9998 

1.0000 

.9982 

.300 

5.129E4-07 

.9984 

1.4137 

351.06 

.9390 

.9821 

.9564 

2.0317 

1.0032 

.9995 

.9998 

1.0000 

.9984 

.350 

5.899E«^07 

.9983 

1.4136 

349.88 

.9182 

.9758 

.9413 

1.7755 

1.0031 

• 9993 

.9997 

1.0000 

.9985 

.400 

6.634E»07 

.9982 

1.4135 

348.55 

. 8949 

.9686 

.9243 

1.5882 

1.0029 

• 9992 

.^9996 

1.0001 

.9987 

.450 

7.330E4-07 

.9981 

1.4134 

347.05 

.8694 

• 9606 

.9056 

1.4471 

1.0027 

.9990 

.9995 

1 .0001 

•9988 

.500 

7.983E^07 

.9980 

1.4133 

345.40 

• 8421 

.9518 

.8853 

1.3386 

1.0025 

• 9986 

.9994 

1.0001 

.9990 

.550 

8.591£f07 

.9978 

1.4131 

343.61 

• 8131 

.9423 

• 8636 

1.2540 

1.0022 

.9987 

.9993 

1.0002 

.9992 

.600 

9.152E4-07 

.9977 

1.4130 

341.68 

.7829 

.9321 

.8407 

1.1875 

1.0020 

.9985 

.9992 

1.0003 

.9993 

.650 

9.666E^07 

.9976 

1.4129 

339.62 

.7516 

.9212 

• 8168 

1.1351 

1.0017 

.9983 

.9991 

1.0004 

.9995 

.700 

1.0136^06 

.9974 

1.4127 

337.44 

.7197 

.9098 

.7920 

1.0940 

1.0015 

.9982 

.9990 

1.0005 

.9996 

.750 

1.055E«'08 

.9973 

1.4125 

335.15 

.6873 

.8979 

.7666 

1.0622 

1.0012 

• 9981 

.9989 

1.0006 

.9998 

.800 

1.092E*'08 

.9972 

1.4123 

332.76 

.6548 

.8854 

.7406 

1.0381 

1.0010 

• 9980 

• 9988 

1.0008 

.9999 

.850 

1.124E^J8 

.9970 

1.4122 

330.27 

• 6223 

.8726 

• 7143 

1.0206 

1.0007 

• 9980 

.9987 

1.0010 

.9999 

.900 

1.151Efr08 

.9969 

1.4120 

327.69 

.5901 

.8594 

.6879 

1.0089 

1.0005 

.9979 

.9986 

1.0011 

1.0000 

.950 

l.l74E«-08 

.9968 

1.4118 

325.03 

.5583 

.8458 

• 6614 

1.0022 

1.0002 

.9979 

.9965 

1.0014 

1.0000 

I. 000 

l.l93E«-08 

.9966 

1.4116 

322.30 

.5272 

.8320 

.6350 

1.0000 

1.0000 

.9980 

.9984 

1.0016 

1.0000 

1.050 

1.208E»08 

.9965 

1.4114 

319.51 

.4969 

• 8180 

.6088 

1.0021 

•9998 

.9980 

.9984 

1.0016 

1.0000 

1.100 

1.218E4-08 

.9964 

1.4111 

316.66 

.4675 

.8038 

.5829 

1.0079 

.9996 

• 9981 

.9983 

1.0021 

1.0000 

1.150 

1.225E«'08 

.9963 

1.4109 

313.77 

.4391 

.7894 

.5575 

1.0174 

.9993 

.9982 

.9982 

1.0023 

.9999 

1.200 

1.229E^08 

.9962 

1.4107 

310.83 

.4117 

.7750 

.5326 

1.0303 

.9991 

• 9963 

• 9962 

1.0026 

.9999 

1.250 

1.229E#^08 

.9961 

1.4105 

307.86 

.3855 

.7605 

• 5082 

1.0465 

.9990 

.9985 

.9981 

1.0029 

.9998 

1.300 

1.227Ef08 

.9961 

1.4103 

304.86 

• 3605 

• 7460 

.4845 

1.0659 

.9988 

.9987 

.9981 

1.0032 

.9997 

1.350 

1.222Ef08 

.9960 

1.4100 

301.83 

.3366 

.7315 

.4614 

1.0885 

.9986 

• 9988 

.9981 

1.0035 

.9995 

1.400 

1.214E»08 

.9959 

1.4098 

298.79 

.3140 

.7170 

.4391 

1.1142 

.9984 

.9991 

.9981 

1.0038 

.9994 

1.450 

1.204E«*08 

.9959 

1.4096 

295.73 

.2925 

.7026 

.4175 

1.1431 

.99 83 

.9993 

• 9980 

1.0041 

.9992 

1.500 

1.193E^08 

.9958 

1.4094 

292.67 

.2723 

.6883 

• 3967 

1.1751 

• 9982 

.9995 

.9980 

1.0044 

.9991 

1.550 

I.l79£fr08 

.9958 

1.4092 

289.60 

.2532 

.6741 

.3767 

1.2102 

.9980 

.9997 

.9980 

1.0047 

.9989 

1.600 

1.164Ef08 

.9957 

1.4089 

286.53 

.2353 

.6601 

.3575 

1.2486 

.9979 

1.0000 

.9980 

1.0050 

.9987 

1.650 

1.148E«^08 

.9957 

1.4087 

283.47 

.2185 

•6462 

.3391 

1.2903 

.9978 

1.0002 

.9980 

1.0053 

•9986 

1.700 

1.130Ef08 

.9957 

1.4085 

200.42 

.2027 

.6324 

.3215 

1.3354 

.9977 

1.0005 

• 9980 

1.0055 

.9984 

1.750 

1.112Ef08 

.9957 

1.4083 

277.38 

• 1680 

• 6189 

• 3046 

1.3840 

.9976 

1.0007 

.9980 

1.0058 

.9982 

1.800 

1.092E«>06 

.9957 

1.4081 

274.35 

.1742 

.6056 

• 2886 

1.4361 

.9975 

1.0010 

• 9980 

1.0061 

• 9980 

1.850 

1.072E*08 

• 9957 

1.4079 

271.34 

• 1614 

• 5924 

• 2733 

1.4920 

.9975 

1.0012 

.9979 

1.0063 

.9979 

1.900 

1.052Ef0B 

.9957 

1.4077 

268.35 

.1495 

.5795 

.2587 

1.5516 

.9974 

1.0014 

.9979 

1.0065 

.9977 

1.950 

1.031E«'08 

.9957 

1.4075 

265.39 

• 1384 

.5669 

• 2448 

1.6153 

.9973 

1.0017 

.9979 

1.0068 

.9975 

2.000 

1.009E«’08 

.9957 

1.4073 

262.45 

.1281 

.5544 

.2317 

1.6830 

.9973 

1.0019 

.9979 

1.0070 

.9974 



o 

o 


TABtE !• REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




K 

. TT « 

300 K 

PT » 10 

ATH 

or « 11. 

396 KGM/H3 

CONTINUED 




NACH 

REY/M 

1 

GAHMA 

M 

M / c cr 

P/PT 

T/TT 

O/OT 

A/ A* 

w 

P/PT 

DCI ATfUB 

T/TT 

Tn incAi 

O/OT 

A/A« 





n/ 5 cc 






K CLA live 

lU lUCAL 

UAd VALUCd' 


0.000 

0. 

• 9984 

1.4174 

354.73 

1.0000 

1.0000 

1.0000 

I 

1.0047 

1.0000 

1.0000 

1.0000 

I 

• 050 

1.1096^07 

• 9984 

1.4174 

354.63 

.9983 

.9995 

• 9988 

11.5614 

1.0047 

1.0000 

1.0000 

1.0000 

.9974 

• 100 

2.210E»07 

.9984 

1.4174 

354.35 

.9930 

• 9980 

.9951 

5.8067 

1.0046 

1.0000 

1.0000 

1.0001 

.9974 

• 150 

3.297E>07 

• 9983 

1.4173 

353.87 

.9844 

.9954 

• 9890 

3.9001 

1.0046 

1.0000 

.9999 

1.0002 

.9973 

• 200 

4.362E*07 

• 9982 

1.4173 

353.22 

.9722 

.9919 

.9803 

2.9565 

1.0044 

• 9997 

.9999 

1.0000 

.9976 

• 250 

5.399E4-07 

• 9982 

1.4172 

352.38 

.9570 

.9074 

.9694 

2.3974 

1.0043 

.9996 

• 9998 

1.0000 

.9978 

• 300 

6.402E«^Q7 

.9981 

1.4171 

351.36 

.9389 

• 9820 

.9564 

2.0309 

1.0041 

.9994 

.9997 

1.0000 

.9979 

• 350 

7.364E^07 

.9979 

1.4170 

350.17 

• 9180 

.9757 

• 9413 

1.7746 

1.0039 

.9992 

• 9996 

1.0001 

• 9981 

• 400 

8.282E«07 

.9978 

1.4169 

348.81 

.8947 

• 9685 

.9244 

1.5875 

1.0037 

.9990 

.9995 

1.0001 

.9983 

•450 

9.150E»07 

.9977 

1.4168 

347.30 

• 8692 

• 9605 

.9057 

1.4465 

1.0034 

• 9988 

.9994 

1.0002 

.9985 

.500 

9.966Efr07 

.9975 

1.4166 

345.63 

• 8418 

.9517 

• 8854 

1.3381 

1.0031 

• 9986 

.9992 

1.0002 

.9987 

.550 

l.O72E^O0 

.9973 

1.4164 

343.81 

• 8128 

.9421 

.8637 

1.2536 

1.0028 

.9983 

•9991 

1.0003 

.9989 

• 600 

1.143E«>08 

.9972 

1.4163 

341.86 

.7826 

.9319 

• 6408 

1.1872 

1.0025 

.9981 

.9990 

1.0004 

.9991 

.650 

1.207E^08 

.9970 

1.4161 

339.78 

.7513 

.9210 

• 8169 

1.1348 

1.0022 

.9980 

.9988 

1.0005 

• 9993 

.700 

1.265E«>08 

• 9968 

1.4159 

337.58 

.7193 

• 9096 

.7921 

1.0938 

1.0019 

.9978 

.9987 

1.0007 

.9995 

.750 

1.317E*08 

.9966 

1.4157 

335.26 

.6870 

.8976 

.7667 

1.0620 

1.0016 

.9977 

• 9986 

1.0009 

• 9996 

• 800 

1.363Ef08 

• 9965 

1.4154 

332.84 

• 6544 

.8852 

.7408 

1.0380 

1.0013 

.9976 

.9985 

l.oolo 

.9998 

• 850 

1.403E4>08 

.9963 

1.4152 

330.34 

• 6220 

.8723 

.7145 

1.0206 

1.0009 

.9974 

.9983 

1.0012 

.9999 

• 900 

1.437E«'08 

• 9961 

1.4150 

327.74 

• 5898 

• 0591 

• 6881 

1.0089 

1.0006 

.9974 

.9982 

1.0014 

1.0000 

.950 

1.466E«-08 

• 9960 

1.4147 

325.06 

.5581 

• 6455 

• 6616 

1.0022 

1.0003 

.9974 

.9981 

1.0017 

1.0000 

1.000 

1.490Ef08 

.9958 

1.4145 

222.31 

.5270 

.8317 

.6352 

1.0001 

1.0000 

.9974 

.9980 

1.0020 

l.OOOl 

1.050 

1.508Ef08 

.9957 

1.4142 

319.50 

.4967 

.8177 

.6091 

1.0021 

.9997 

.9975 

• 9980 

1.0023 

1.0001 

1*100 

1.5216*08 

.9955 

1.4139 

316.64 

• 4673 

.8035 

.5833 

1.0079 

.9995 

.9976 

.9979 

1.0026 

1.0000 

1.150 

1.530E*08 

.9954 

1.4137 

313.72 

.4389 

.7891 

.5578 

1.0174 

.9992 

.9977 

.9978 

1.0029 

.9999 

1.200 

1.5356*08 

.9953 

1.4134 

310.77 

.4116 

.7747 

.5329 

1.0303 

.99 89 

.9979 

.9978 

1.0033 

.9998 

1.250 

1.5366*08 

.9952 

1.4131 

307.78 

.3854 

.7602 

• 5086 

1.0464 

.9987 

.9981 

.9977 

1.0037 

.9997 

1.300 

1.533E*08 

.9951 

1.4128 

304.77 

.3603 

.7457 

.4849 

1.0658 

.99 85 

.9983 

.9977 

1.0040 

.9996 

1.350 

1.5276*08 

.9950 

1.4125 

301.73 

.3365 

.7311 

.4618 

1.0884 

.9983 

• 9986 

.9976 

1.0044 

.9994 

1.400 

1.517E*O0 

.9949 

1.4123 

298.67 

.3139 

.7167 

.4395 

1.1141 

.9981 

• 9986 

.9976 

1.0048 

.9993 

1.450 

1.5056*08 

.9948 

1.4120 

295.61 

• 2925 

.7023 

.4180 

1.1428 

.9979 

.9991 

.9976 

1.0051 

.9991 

1.500 

1.4916*06 

.9948 

1.4117 

292.54 

.2723 

•6880 

.3972 

1.1748 

.9977 

.9994 

.9975 

1.0055 

.9989 

1.550 

l.474E*O0 

.9947 

1.4114 

289.46 

• 2532 

• 673 8 

.3772 

1.2099 

• 9976 

.9997 

.9975 

1.0059 

.9987 

1.600 

1.4556*08 

.9947 

1.4112 

286.39 

• 2353 

.6598 

• 3580 

1.2482 

.9974 

1.0000 

.9975 

1.0062 

.9984 

1.650 

1.4356*08 

•9946 

1.4109 

283.32 

• 2185 

.6459 

• 3396 

1.2899 

.9973 

1.0003 

.9975 

1.0066 

.9982 

1.700 

1.413E*08 

.9946 

1.4107 

280.26 

.2027 

.6321 

.3219 

1.3349 

.9972 

1.0006 

.9975 

1.0070 

.9980 

1.750 

1.3906*08 

.9946 

1.4104 

277.22 

• 1880 

.6186 

• 3051 

1.3833 

.9970 

1.0009 

.9975 

1.0073 

.9978 

1.800 

1.3666*08 

.9946 

1.4101 

274.19 

.1743 

•6053 

.2890 

1.4354 

.9969 

1.0012 

.9975 

1.0076 

.9976 

1.850 

1.3416*08 

.9946 

1.4099 

271.17 

• 1615 

• 5922 

.2737 

1.4911 

.9968 

1.0015 

.9975 

1.0079 

.9973 

1.900 

1.3156*08 

• 9946 

1.4097 

268.18 

.149 5 

.5793 

.2591 

1.5507 

.9968 

1.0018 

.9975 

1.0082 

.9971 

1.950 

1.289E*08 

.9946 

1.4094 

265.21 

.1364 

• 5666 

.2453 

1.6143 

.9967 

1.0021 

.9975 

1.0085 

• 9969 

2.000 

1.263E*08 

.9946 

1.4092 

262.27 

.1281 

• 5542 

• 2321 

1.6819 

.9966 

1.0024 

.9975 

1.0088 

.9967 


table I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





K. TT = 

300 K 

PT = 15 

ATM 

OT = 17. 

108 KGM/M3 

CONTINUED 




MACH 

REr/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 

A/ A* 

W 

P/PT 

-RELATIVE 

T/TT 
TO IDEAL 

D/OT 

GAS VALUES- 

A/A* 

0.000 

0. 

.9978 

1.4262 

355.65 

1.0000 

1.0000 

l.OOOO 

I 

1.0073 

1.0000 

1.0000 

1.0000 

I 

.050 

1.657E«-07 

.9978 

1.4261 

355.55 

.9983 

.9995 

.9988 

11.5460 

1.0073 

1.0000 

l.OOOO 

l.OOOO 

.9960 

• 100 

3.304E»07 

.9977 

1.4261 

355.25 

. 9930 

.9980 

.9951 

5.7989 

1.0072 

1. J.)00 

.9999 

1.0001 

.9960 

• 150 

4.929E*-07 

.9976 

X.4261 

354.76 

.9842 

.9954 

.9888 

3.8956 

1.0071 

.9997 

.9999 

l.OOOO 

.9962 

.200 

6.521Efr07 

.9975 

1.4260 

354.08 

.9721 

.9919 

.9803 

2.9529 

1.0069 

.9996 

.9998 

1.0000 

.9964 

• 250 

8,072E*-07 

.9974 

1.4259 

353.21 

.9568 

.9873 

.9695 

2.3946 

1.0066 

.9993 

.9997 

1.0000 

.9966 

.300 

9.571EI-07 

.9972 

1.4257 

352.15 

.9386 

.9819 

.9565 

2.0287 

1.0064 

.9991 

.9995 

l.OOOI 

.9969 

• 350 

1.101EO8 

.9970 

1.4256 

350.92 

.9176 

.9755 

.9414 

1.7729 

1.0060 

.9988 

.9994 

1.0001 

.9971 

.400 

l.238Ef08 

.9968 

1.4254 

349.52 

.8942 

.9682 

.9244 

1.5861 

1.0057 

.9985 

• 9992 

1.0002 

.9974 

.450 

1.368E^08 

.9966 

1.4252 

347.95 

• 8686 

.9602 

.9057 

1.4454 

1.0053 

.9981 

.9990 

1.0003 

.9978 

.500 

1.490E«-08 

.9964 

1.4250 

346.22 

.8412 

.9513 

.8855 

1.3373 

1.0049 

.9978 

.9988 

1.0004 

.9981 

.550 

1.604E<’08 

.9961 

1.4247 

344.35 

.8121 

.9417 

.8639 

1.2529 

1.0044 

.9975 

.9987 

1.0005 

.9984 

• 600 

1.703E^08 

.9959 

1.4245 

342.34 

.7818 

.9314 

.8410 

1.1866 

1.0039 

.9972 

.9985 

1.0007 

.9987 

.650 

1.804E*-08 

.9956 

1.4242 

340.20 

.7505 

.9205 

.8171 

1.1344 

1.0035 

.9969 

.9983 

1.0009 

.9990 

• 700 

1.892E*08 

.9953 

1.4239 

337.94 

.7185 

.9090 

.7924 

1.0935 

1.0030 

.9967 

.9981 

l.OOll 

.9992 

.750 

1.970E«-08 

.9950 

1.4235 

335.57 

• 6862 

.8970 

.7671 

1.0618 

1.0025 

.9965 

.9979 

1.0013 

.9995 

• 800 

2.039E+J8 

.9948 

1.4232 

333.09 

.6536 

.8845 

.7412 

1.0379 

1.0020 

.9963 

.9977 

1.0016 

.9996 

• 850 

2.099Ef08 

.9945 

1.4229 

330.52 

.6212 

.8716 

.7150 

1.0205 

1.0015 

.9962 

.9975 

1.0020 

.9998 

.900 

2.151Ef08 

.9943 

1.4225 

327. 86 

.5890 

.8583 

.6807 

1.0088 

1.0010 

.9962 

.9974 

1.0023 

.9999 

.950 

2.194Ef08 

.9940 

1.4221 

325.13 

.5573 

.8448 

.6623 

1.0021 

1.0006 

.9962 

.9972 

1.0027 

1.0000 

1.000 

2.229E«-08 

.9938 

1.4217 

322.34 

.5263 

.8309 

.6360 

1 .0000 

1.0001 

.9962 

.9971 

1.0032 

1.0000 

1.050 

2.257E«'08 

.9935 

1.4214 

319.48 

.4961 

.8169 

.6099 

1.0020 

.9997 

.9964 

.9970 

1.0036 

1.0000 

1.100 

2.278E*-08 

.9933 

1.4210 

316.57 

.4667 

.8026 

.5841 

1.0078 

.9993 

.9965 

.9969 

1.0041 

.9999 

1*150 

2.291EI-08 

• 9931 

1.4206 

313.61 

.4384 

.7883 

.5587 

1.0173 

.9989 

.9967 

.9968 

1.0046 

.9998 

1.200 

2.299E»“08 

.9929 

1.4201 

310.62 

.4111 

.7738 

.5339 

1.0301 

.9985 

.9970 

• 9967 

1.0052 

.9997 

1.250 

2.300E4-08 

.9928 

1.4197 

307.59 

.3850 

.7593 

.5096 

1.0462 

.9981 

.9973 

.9966 

1.0057 

.9995 

1.300 

2.297E**08 

.9926 

1.4193 

304.54 

.3600 

.7448 

.4859 

1.0655 

.9978 

.9976 

.9966 

1.0063 

.9993 

1.350 

2.288E4-08 

.9925 

1.4189 

301.48 

.3363 

• 7303 

.4629 

1.0680 

• 9974 

.9980 

•9965 

1.0068 

.9990 

1*400 

2.274E«'08 

.9923 

1.4185 

298.39 

.3137 

.7159 

.4407 

1.1135 

.9971 

.9984 

.9965 

1.0074 

.9988 

1.450 

2.257E«-08 

.9922 

1.4181 

295. 30 

.2924 

.7015 

.4191 

1.1422 

.9969 

.9988 

.9964 

1.0080 

.9985 

1.500 

2.235E**08 

.9921 

1.4177 

292.22 

.2722 

.6872 

.3984 

1.1741 

.9966 

.9991 

.9964 

1.0084 

.9983 

1.550 

2.211E«-08 

.9920 

1.4173 

289. 12 

.2532 

.6730 

.3784 

1.2091 

.9964 

.9995 

• 9964 

1.0089 

.9980 

1.600 

2.183E4.Q8 

.9920 

1.4169 

286.03 

.2353 

.6590 

.3592 

1.2472 

.9962 

1.0000 

.9964 

1.0095 

.9977 

1.650 

2.153EI-08 

.9919 

1.4165 

282.95 

.2185 

.6451 

.3407 

1.2887 

.9960 

1.0905 

.9964 

l.OlOO 

.9973 

1.700 

2*121E«^08 

.9919 

1.4161 

279.88 

• 2028 

.6314 

.3231 

1.3335 

.9958 

1.0009 

.9964 

1.0106 

.9970 

1.750 

2.C87E*08 

.9919 

1.4157 

276.82 

.1881 

.6179 

.3063 

1.3818 

.9956 

1.0014 

.9963 

l.Olll 

.9967 

1.800 

2.051EI-08 

.9918 

1.4153 

273.78 

.1744 

.6046 

• 2902 

1.4336 

.9954 

1.0019 

.9963 

1.0116 

.9964 

1.850 

2.014Ei-08 

.9918 

1.4149 

270.76 

• 1616 

.5915 

.2748 

1.4891 

.9953 

1.0023 

.9963 

1.0120 

.9960 

1*900 

1,976E*J8 

.9918 

1.4146 

267.76 

.1497 

.5786 

• 2602 

1.5484 

.9952 

1.0028 

.9963 

1.0125 

.9957 

1.950 

1.937E«-08 

.9919 

1.4142 

264.79 

• 1366 

• 5660 

.2463 

1.6117 

.9951 

1.0032 

.9963 

1.0129 

.9954 

2.000 

1.8976*08 

.9919 

1.4139 

261.84 

.1283 

.5535 

.2331 

1.6791 

.9950 

1.0036 

• 9963 

1.0133 

.9951 
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TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





K. TT » 

300 K 

PT =» 20 

ATM 

OT * 22. 

823 KGM/M3 

CONTINUED 




MACH 

REY/M 

Z 

GAMMA 

M 

M/SEC 

P/PT 

T/TT 

D/DT 

A/A* 

w 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES' 

A/A* 

0.000 

0. 

.9973 

1.4349 

356.62 

1.0000 

1.0000 

1.0000 

1 

1.0101 

1.0000 

1.0000 

1.0000 

I 

• 050 

2.203E*07 

.9972 

1.4349 

356.52 

• 9983 

• 9995 

• 9988 

11.5264 

1.0101 

1.0000 

1.0000 

1.0000 

.9944 

• 100 

4.393E^07 

.9972 

1.4349 

356.21 

.9930 

.9979 

.9952 

5.7891 

1.0099 

1.0000 

.9999 

1.0002 

.9944 

.150 

6.552E«^07 

.9971 

1.4348 

355.70 

.9841 

.9954 

• 9869 

3.8897 

1.0097 

.9997 

.9996 

1.0000 

.9947 

• 200 

8.669E«’07 

.9969 

1.4347 

354.99 

.9719 

.9918 

.9603 

2.9485 

1.0095 

.9994 

.9997 

1.0000 

.9949 

.250 

l.073E«-08 

.9967 

1.4345 

354.09 

.9566 

.9872 

.9695 

2.3913 

1.0092 

.9991 

.9996 

1.0001 

• 9952 

• 300 

1.272E»08 

.9965 

1.4343 

353.00 

• 9383 

.9817 

.9565 

2.0261 

1.0086 

.9987 

.9994 

1.0001 

.9956 

.350 

l.463E4^08 

.9963 

1.4341 

351.72 

.9173 

.9753 

.9414 

1.7708 

1.0083 

.9983 

.9992 

1.0002 

• 9960 

• 400 

1.646E«^08 

.9960 

1.4339 

350.27 

.8938 

•9680 

.9245 

1.5844 

1.0078 

.9979 

.9990 

1.0003 

.9964 

.450 

1.818Ef08 

.9957 

1.4336 

348.64 

• 8681 

.9598 

• 9059 

1.4440 

1.0073 

.9975 

.9987 

1.0004 

• 9968 

.500 

1.980E«>08 

.9953 

1.4333 

346.86 

.8405 

.9509 

• 8656 

1.3361 

1.0067 

.9971 

.9985 

1.0005 

.9972 

.550 

2.132E«-08 

.9950 

1.4330 

344.93 

• 8114 

.9413 

• 6640 

1.2520 

1.0061 

.9966 

.9982 

1.0007 

• 9976 

• 600 

2.271E*08 

.9946 

1.4327 

342.86 

• 7811 

.9309 

• 8412 

1.1859 

1.0055 

.9962 

.9979 

1.0009 

.9980 

•650 

2.399E»08 

.9943 

1.4323 

340.66 

.7497 

• 9200 

.8174 

1.1336 

1.0048 

.9959 

.9977 

1.0012 

.9984 

.700 

2.515E^08 

.9939 

1.4319 

338.34 

.7177 

• 9084 

.7928 

1.0930 

1.0042 

.9956 

.9974 

1.0015 

.9988 

.750 

2.6I9E«>08 

.9935 

1.4315 

335.90 

.6853 

• 8964 

.7675 

1.0614 

1.0035 

.9953 

.9972 

1.0019 

.9991 

• 800 

2.711E^08 

.9931 

1.4310 

333.36 

.6528 

.8838 

.7417 

1.0375 

1.0028 

.9951 

.9970 

1.0023 

.9993 

.850 

2.791E^08 

.9928 

1.4306 

330.73 

.6204 

.8709 

.7156 

1.0202 

1.0022 

.9950 

.9967 

1.0027 

.9995 

.900 

2.860E>08 

.9924 

1.4301 

328.02 

• 5881 

.8576 

• 6891 

1.0087 

1.0015 

.9947 

.9965 

1.0030 

• 9999 

.950 

2.91dE#06 

.9921 

1.4296 

325.24 

.5565 

•8440 

• 6628 

1.0021 

1.0009 

.9947 

.9963 

1.0036 

1.0000 

I. 000 

2.965E+08 

.9917 

1.4291 

222.39 

.5255 

.8301 

• 6366 

1.0000 

1.0003 

.9948 

• 9962 

1.0042 

1.0000 

1.050 

3.002E«'08 

.9914 

1.4286 

319.48 

.4953 

• 8161 

.6106 

1.0020 

.9997 

.9949 

• 9960 

1.0048 

1.0000 

1.100 

3.030E»08 

.9911 

1.4281 

316.52 

.4661 

• 8018 

.5849 

1.0076 

.9991 

.9951 

.9959 

1.0054 

.9999 

1.150 

3.049E4^06 

.9908 

1.4275 

313.52 

.4378 

•7875 

• 5596 

1.0172 

.9986 

.9954 

.9958 

1.0061 

.9997 

1.200 

3.060E«^08 

.9906 

1.4270 

310.49 

.4107 

.7730 

.5349 

1.0296 

.9980 

• 9960 

.9957 

1.0070 

.9993 

1*250 

3.063E^08 

.9904 

1.4265 

307.43 

.3847 

.7585 

• 5106 

1.0456 

• 9976 

• 9964 

•9956 

1.0078 

.9991 

1.300 

3.053E«>08 

.9901 

1.4259 

304.34 

.3598 

.7440 

.4870 

1.0650 

.9971 

• 9968 

.9955 

1.0085 

.9988 

1.350 

3.047E*08 

.9899 

1.4254 

301.24 

.3361 

.7295 

• 4641 

1.0874 

•9967 

.9973 

.9954 

1.0093 

• 9985 

1.400 

3.030E«^08 

.9898 

1.4248 

298.13 

.3136 

.7151 

•4418 

1.1128 

.9963 

.9979 

.9954 

1.0101 

.9981 

1.450 

3.007E*08 

.9896 

1.4243 

295.01 

• 2923 

.7007 

.4203 

1.1414 

.9959 

.9984 

.9953 

1.0108 

.9978 

1.500 

2.980E«*08 

.9895 

1.4237 

291.89 

• 2721 

•6864 

.3996 

1.1730 

.9955 

.9990 

.9953 

1.0116 

.9973 

1.550 

2.947E*08 

.9894 

1.4232 

288.78 

• 2532 

.6723 

.3796 

1.2078 

.9952 

.9996 

.9953 

1.0124 

.9969 

1.600 

2.911E^08 

.9893 

1.4226 

285.67 

.2353 

.6583 

• 3604 

1.2456 

.9949 

1.0003 

.9953 

1.0131 

.9965 

1.650 

2.872E«^08 

.9892 

1.4221 

282.57 

.2186 

•6444 

.3420 

1.2871 

.9947 

1.0009 

.9953 

1.0138 

• 9960 

l.TOO 

2.830E«^08 

.9891 

1.4216 

279.49 

• 2029 

.6307 

• 3243 

1.3317 

.9944 

1.0015 

•9953 

1.0146 

.9956 

1.750 

2.785E^08 

.9891 

1.4211 

276.42 

.1862 

.6172 

.3075 

1.3798 

.9942 

1.0022 

.9953 

1.0152 

.9951 

1.800 

2.738E^08 

• 9891 

1.4206 

273.37 

• 1745 

•6039 

• 2914 

1.4313 

•9940 

1.0028 

.9953 

1.0159 

.9947 

1.850 

2.689E»08 

• 9891 

1.4201 

270.34 

.1617 

•5908 

• 2760 

1.4866 

.9938 

1.0034 

• 9953 

1.0165 

•9943 

1.900 

2.639E^08 

•9891 

1.4196 

267.33 

• 1498 

•5780 

.2614 

1.5457 

•9936 

1*0040 

.9953 

1.0172 

.9938 

1.950 

2.567E«^0a 

• 9891 

1.4191 

264.35 

• 1388 

•5653 

.2475 

1.6087 

.9935 

1.0046 

.9953 

1.0177 

• 9934 

2.000 

2.535E»0a 

.9891 

1.4187 

261.40 

• 1285 

.5529 

.2343 

1.6757 

.9933 

1.0052 

• 9952 

1.0183 

• 9930 


TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 





K, TT * 

300 K 

PT * 25 

ATM 

OT = 28. 

540 KGM/M3 

CONTINUED 




HACK 

REY/H 

1 

GAHNA 

W 

M/SEC 

P/PT 

T/TT 

O/OT 

A/A» 

W 

P/PT 

^RELATIVE 

T/TT 
TO IDEAL 

O/OT A/A* 

GAS VALUES 

0*000 

0. 

• 9969 

1*4437 

357.66 

1.0000 

1 .0000 

1.0000 

I 

1.0130 

1.0000 

1*0000 

1.0000 

1 

.050 

2.747E^07 

*9968 

1*4436 

357*55 

*9983 

*9995 

.9988 

11.5086 

1*0130 

1*0000 

1*0000 

1*0001 

*9929 

.100 

5.475E*07 

*9967 

1.4436 

357.23 

.9928 

.9979 

.9950 

5.7813 

1.0128 

• 9998 

.9999 

1.0000 

.9930 

• ISO 

B.167E^07 

• 9966 

1.4435 

356.70 

.9840 

*9953 

• 9889 

3*6840 

1*0126 

*9996 

• 9998 

1.0000 

.9933 

• 200 

1.080E»08 

*9964 

1.4433 

355.97 

.9718 

.9917 

.9803 

2.9444 

1.0123 

.9993 

• 9996 

1*0001 

*9936 

• 250 

1.337E»08 

• 9962 

1.4432 

355.03 

.9564 

.9871 

.9695 

2.3861 

1.0116 

*9989 

*9995 

1*0001 

.9939 

• 300 

1*586E4>08 

• 9959 

1.4430 

353.89 

.9360 

•9816 

.9565 

2.0236 

1.0113 

.9984 

*9992 

1.0002 

.9944 

•350 

1.824E^Q8 

.9956 

1.4427 

352.57 

.9169 

*9751 

.9415 

1.7688 

1.0106 

.9979 

*9990 

1.0002 

.9940 

• 400 

2*051Ef08 

*9952 

1*4424 

351*06 

*8933 

.9677 

• 9246 

1.5827 

1.0101 

.9974 

.9987 

1*0004 

.9953 

.ASO 

2.266E«^08 

.9948 

1.4421 

349.39 

.8675 

.9595 

.9060 

1.4427 

1.0094 

• 9968 

*9964 

l.OOOS 

.9959 

• 500 

2*468E4'08 

*9944 

1*4417 

347.55 

*6399 

*9506 

.8858 

1.3350 

1.0087 

*9963 

.9981 

1*0007 

.9964 

• 550 

2.656E«>08 

• 9939 

1.4413 

345.55 

• 8105 

• 9408 

.8691 

1.2514 

1.0079 

.9955 

.9978 

1.0007 

.9972 

• 600 

2.830E«‘08 

.9935 

1.4409 

3^3*42 

*7801 

*9304 

*8413 

1*1855 

1.0071 

*9950 

.9974 

1*0010 

.9977 

.650 

2«989E«'08 

*9930 

1 .4404 

341.15 

.7487 

.9194 

.8175 

1.1336 

1.0063 

.9945 

.9971 

1.0013 

• 9982 

•700 

3.134E«'08 

.9925 

1.4400 

338.77 

.7167 

.9078 

.7929 

1.0929 

1*0054 

*9941 

*9966 

1*0017 

.9967 

.750 

3.263Ef08 

*9920 

1.4394 

336.27 

• 6843 

.8957 

.7677 

1.0614 

1.0046 

*9938 

.9965 

1.0021 

.9991 

• 800 

3.378E«^08 

• 9915 

1.4389 

333.67 

• 6518 

*6832 

.7420 

1.0376 

1.0037 

.9935 

.9962 

1.0027 

• 9994 

• 850 

3*479E4>0e 

*9911 

1*4383 

330.98 

.6194 

.8702 

.7159 

1.0203 

1*0029 

.9934 

*9959 

1*0032 

*9997 

•900 

3.565E«>08 

• 9906 

1.4378 

328.21 

.5873 

.8569 

.6897 

1.0087 

1.0021 

.9933 

• 9957 

1*0039 

.9999 

• 950 

3*638E»08 

*9902 

1*4372 

325*36 

*5557 

*8433 

*6634 

1*0021 

1.0013 

.9933 

.9955 

1*0045 

1.0000 

1*000 

3.698E«>08 

• 9897 

1.436 5 

322.46 

.5248 

.8294 

.6373 

1.0000 

1.0005 

.9934 

.9953 

1*0053 

1.0000 

1.050 

3.745E^08 

*9893 

1*4359 

319*50 

*4947 

*6153 

*6113 

1*0020 

*9997 

*9936 

• 9951 

1.0061 

1.0000 

1*100 

3.780E«>08 

*9890 

1.4353 

316.49 

•4655 

• 6011 

.5857 

1.0076 

.9990 

.9938 

.9949 

1.0069 

.9999 

1*150 

3*805E«08 

• 9886 

1.4346 

313.45 

*4373 

*7867 

*5605 

1*0171 

*9983 

*9942 

*9948 

1*0078 

*9997 

1*200 

3.818E«^06 

• 9883 

1.4339 

310.37 

.4102 

*7722 

.5358 

1.0298 

.9977 

• 9946 

• 9946 

1*0087 

.9994 

1*250 

3*622E«'08 

*9880 

1.4333 

3C7.27 

.3842 

.7577 

• 5116 

1.0456 

*9971 

*9952 

• 9945 

1*0096 

*9991 

1*300 

3*817E«^08 

.9877 

1.4326 

304.15 

.3594 

.7432 

• 4880 

1.0650 

.9965 

*9957 

*9944 

1.0106 

*9988 

1*350 

3.804E«^08 

.9874 

1.4319 

301.02 

.3357 

.7288 

.4651 

1.0872 

.9959 

*9964 

*9944 

1*0116 

.9983 

1«400 

3*784E«‘08 

*9872 

1*4312 

297*88 

*3133 

.7143 

.4429 

1.1126 

.9954 

.9970 

*9943 

1*0125 

*9979 

1.450 

3.756E«'08 

• 9870 

1.4305 

294.74 

.2921 

•7000 

• 4214 

1.1410 

.9950 

.9978 

*9943 

1*0135 

*9974 

1*500 

3*722E^08 

*9868 

1*4299 

291.59 

*2720 

*6657 

*4007 

1*1725 

.9945 

*9985 

*9943 

1*0145 

*9969 

1*950 

3.683Ef06 

.9867 

1.4292 

288.46 

.2531 

•6716 

• 3808 

1.2071 

.9941 

.9993 

*9942 

1*0155 

*9963 

1.600 

3.639E»06 

• 9866 

1*4285 

285.33 

*2353 

*6576 

• 3616 

1.2450 

*9937 

1*0001 

• 9942 

1*0164 

*9958 

1*650 

3*590E»08 

• 9865 

1.4279 

282.21 

• 2186 

.6437 

• 3432 

1.2860 

.9934 

1.0009 

.9942 

1.0173 

.9952 

1*700 

3*5386 «>08 

• 9864 

1*4272 

279.11 

• 2029 

*6300 

.3255 

1.3304 

*9931 

1.0017 

• 9942 

1*0182 

*9947 

1*750 

3*4836 «^08 

*9863 

1*4266 

276*03 

*1883 

•6166 

• 3087 

1.3783 

*9928 

1*0025 

*9942 

1*0191 

*9941 

1.600 

3*425E«'08 

*9863 

1.4260 

272.97 

.1746 

•6033 

.2925 

1.4297 

.9925 

1*0033 

*9942 

1.0200 

*9935 

1*850 

3*364E^08 

*9863 

1*4253 

269*93 

*1619 

*5902 

*2772 

1*4847 

*9923 

1*0041 

*9942 

1*0206 

*9930 

1.900 

3*302E^08 

• 9863 

1*4247 

266.92 

.1500 

.5774 

.2625 

1.5435 

.9921 

1.0049 

*9942 

1.0215 

.9924 

1*950 

3*233E»08 

• 9863 

1*4241 

263*93 

*1369 

*5647 

*2486 

1*6062 

*9919 

1*0056 

•9942 

1*0223 

*9919 

2*000 

3*173E»Q8 

*9863 

1*4236 

260.96 

• 1286 

.5524 

• 2353 

1.6730 

.9917 

1.0063 

.9942 

1*0230 

*9914 


O 

U) 
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TABLE U REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 




K 

. TT = 

300 K 

PT = 30 

ATM 

DT = 34. 

258 KGM/M3 

CONCLUOEO 




MACH 

REY/M 

1 

GAMMA 

W 

M/SEC 

P/PT 

T/TT 

0/DT 

A/A4 

W 

P/PT 

RELATIVE 

T/TT 
TO IDEAL 

O/OT 

GAS VALUES- 

A /A* 

0.300 

0. 

.9966 

1.4524 

358.75 

1.0000 

1.0000 

1.0000 

I 

1.0161 

l.oooo 

1.0000 

1.0000 

I 

• 050 

3.287Ef07 

.9965 

1.4524 

358.64 

.9983 

.9995 

.9988 

11.4903 

1.0161 

I. 0000 

1.0000 

l.OOOl 

.9913 

.100 

6.552E4-07 

.9964 

1.4523 

358.31 

.9928 

.9979 

.9950 

5.7723 

1.0159 

.9998 

• 9999 

1.0000 

.9915 

.150 

9.774E*-07 

.9963 

1.4522 

357.76 

.9839 

.9953 

.9889 

3.8781 

1.0156 

.9995 

.9998 

1.0000 

.9918 

.200 

1.293Ef38 

.9960 

1.4520 

356.99 

.9716 

.9916 

.9804 

2.9402 

1.0152 

.9991 

.9996 

1.0001 

.9921 

.250 

1.601E«^08 

.9957 

1.4518 

356.02 

.9561 

.9870 

.9695 

2.3849 

1.0147 

• 9986 

.9993 

1.0001 

.9926 

.300 

1.893E«-08 

.9954 

1.4516 

354.84 

. 9377 

.9814 

.9566 

2.0210 

1.0140 

.9981 

.9991 

1.0002 

• 9931 

.350 

2.183E«^08 

.9950 

1.4513 

353.47 

.9164 

.9749 

.9416 

1.7667 

1.0133 

.9975 

.9988 

1.0003 

.9937 

.400 

2.455E*-08 

.9945 

1.4509 

351.91 

.8928 

.9675 

.9247 

1.5811 

1.0126 

.9968 

.9984 

1.0005 

.9943 

.450 

2.712Ef08 

.9940 

1.4505 

350.17 

• 8667 

.9592 

.9059 

1.4417 

1.0117 

.9959 

.9981 

1.0004 

.9952 

.500 

2. 9536^08 

.9935 

1.4501 

348.27 

.8390 

.9502 

.8857 

1.3344 

1.0108 

.9952 

.9977 

1.0006 

.9959 

.550 

3.178Ef08 

.9929 

1.4497 

346.22 

.8097 

.9404 

.8642 

1.2507 

1.0098 

.9946 

.9973 

1.0009 

• 9965 

• 600 

3.387E*-08 

.9924 

1.4492 

344.02 

.7793 

.9300 

.8415 

1.1849 

1.0089 

.9939 

.9969 

1.0012 

.9972 

.650 

3.577E4-38 

.9918 

1.4486 

341.69 

.7478 

.9189 

.8178 

1.1332 

1.0078 

.9933 

• 9966 

1.0016 

• 9978 

.700 

3.750E«-oe 

.9912 

1.4481 

339.23 

.7158 

.9073 

.7932 

1.0926 

1.0066 

.9928 

.9962 

1.0021 

.9984 

.750 

3.906Ef08 

.9906 

1.4475 

336.67 

.6834 

.8951 

.7681 

1.0612 

1.0058 

.9924 

.9958 

1.0026 

• 9989 

• 800 

4.043E4-08 

.9900 

1.4468 

334.00 

.6509 

.8825 

• 7424 

1.0375 

1.0047 

.9921 

.9955 

1.0032 

.9993 

.850 

4.164E4-08 

.9894 

1.4462 

331.25 

.6185 

.8695 

.7164 

1.0203 

1.0037 

.9919 

.9952 

1.0039 

.9996 

.900 

4.268E^08 

.9889 

1.4455 

328.42 

.5864 

.8562 

.6903 

1.0087 

1.0027 

.9918 

.9949 

1.0047 

.9998 

.950 

4.355E*-08 

.9883 

1.4448 

325.52 

.5549 

.8425 

.6641 

1.0021 

1.0017 

.9918 

.9946 

1.0055 

1.0000 

l.OOO 

4.427E^08 

.9878 

1.4440 

322. 55 

.5240 

• 8286 

• 6380 

1.0000 

1.0008 

.9919 

.9944 

1 .0064 

1.0000 

1.050 

4.485EV08 

.9873 

1.4433 

319.54 

.4940 

.8145 

.6122 

1.0020 

.9999 

.9922 

• 9941 

1.0074 

l.oooo 

1.100 

4.528E*-08 

.9868 

1.4425 

316.49 

.4649 

.8003 

• 5666 

1.0078 

.9990 

.9925 

.9940 

1.0084 

.9998 

1.150 

4.557E«-08 

.9864 

1.4417 

313.40 

.4367 

.7859 

.5615 

1.0171 

.9982 

.9930 

.9938 

1.0095 

.9996 

1.200 

4.575Efr08 

.9860 

1.4409 

310.28 

.4097 

.7715 

.5368 

1.0297 

.9974 

.9935 

.9936 

1.0106 

.9993 

1.250 

4.580Efr08 

.9856 

1.4401 

307.14 

.3838 

.7570 

.5127 

1.0456 

.9966 

.9941 

.9935 

1.0118 

.9989 

1.300 

4.575E«-08 

.9852 

1.4393 

303.98 

.3590 

.7425 

.4891 

1.0647 

.9959 

.9948 

.9934 

1.0129 

.9985 

1.350 

4.560E*-08 

.9849 

1.4385 

300.81 

.3355 

.7280 

.4663 

1.0868 

.9953 

.9956 

.9934 

1.0141 

• 9980 

1.400 

4.537E4-08 

.9846 

1.4377 

297.64 

.3131 

.7136 

.4441 

1.1121 

• 9946 

.9964 

.9933 

1.0153 

.9974 

1.450 

4.504E*08 

.9844 

1.4369 

294.47 

• 2919 

• 6992 

.4227 

1.1403 

.9941 

.9973 

.9933 

I .0165 

•9968 

1.500 

4.4656^08 

.9842 

1.4361 

291.30 

.2719 

.6850 

.4020 

1.1717 

.9955 

• 9962 

.9932 

1.0177 

.9962 

1.550 

4.419Ef08 

.9840 

1.4353 

288.14 

.2531 

.6709 

• 3820 

1.2062 

.9930 

.9991 

.9932 

1.0188 

.9956 

1.600 

4.367E*-08 

.9838 

1.4345 

285.00 

.2353 

.6569 

.3629 

1.2438 

.9926 

1.0001 

.9932 

1.0200 

.9949 

1.650 

4.3l3Efr08 

.9837 

1.4337 

281.86 

.2186 

.6431 

• 3444 

1.2847 

.9922 

l.OOll 

.9932 

1.0211 

• 9942 

1.700 

4.248Efr08 

.9836 

1.4330 

278.75 

• 2030 

.6294 

.3268 

1.3289 

.9918 

1.0021 

.9932 

1.0222 

.9935 

1.750 

4.182EV08 

.9835 

1.4322 

275.65 

.1884 

• 6160 

.3099 

1.3765 

.9914 

1.0031 

.9932 

1.0233 

• 9928 

1.800 

4.114E«‘08 

.9835 

1.4314 

272.58 

.1747 

.6027 

.2938 

1.4277 

.9911 

1.0040 

.9932 

1.0243 

.9921 

1.850 

4.042E«-08 

.9835 

1.4307 

269.53 

.1620 

.5896 

.2784 

1.4824 

.9908 

1.0050 

.9932 

1.0253 

.9915 

1.900 

3.963E^08 

.9835 

1.4300 

266.51 

.1501 

.5768 

.2637 

1.5410 

.9906 

1.0059 

.9933 

1.0263 

• 9908 

1.950 

3.892E*-08 

.9835 

1.4293 

263.52 

.1391 

.5642 

.2498 

1.6034 

.9903 

1.0068 

.9933 

1.0272 

.9902 

2.300 

3.815E^08 

.9835 

1.4286 

260.56 

.1288 

.5518 

.2365 

1.6699 

.9901 

1.0077 

.9933 

1.0280 

• 9896 
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TABLE KEY 

Each table accounts for a certain stagnation temperature 
and is subdivided (by letter) for various values of stagnation 
pressure. Lists of the table-temperature and letter-pressure 
correspondence are as follows: 


Table number 

Tt,V ^ 

II 

100 

III 

1 10 

IV 

120 

V 

130 

VI 

140 

VII 

150 

VIII 

175 

IX 

200 

X 

250 

XI 

300 


Letter subdivision 

Pt,r 

A 

1 

B 

3 

C 

5 

D 

8 

E 

10 

F 

20 

G 

30 


These tables were compiled by selecting stagnation pressure 
and temperature and incrementing the upstream Mach number by 
0.05 from 1.0 to 3-0. If the free-stream saturation boundary 
was reached or the temperature dropped below the triple point 
temperature, the solutions were terminated before reaching the 
maximum Mach number of 3.0. For each subdivision of a table, 
there are two pages of information. The first page shows each 
of the downstream flow parameters in dimensional form as well as 
its value relative to its upstream value. The second page shows 
the ratio of each relative parameter to the corresponding value 
for an ideal diatomic gas. 
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TABLE NOMENCLATURE 


ATM 

D1 

D2 

DTI 

DT2/DT1 

KGM/M3 

Ml 

M2 

P2 

P2/P1 

PT1 

PT2 

T2 

T2/T1 


106 


1 atmosphere (1 atm = 101,32 kN/m^) 

static density upstream of shock 

static density downstream of shock 

stagnation density upstream of shock 

ratio of downstream stagnation density to upstream 
stagnation density 

kilograms per cubic meter 

upstream Mach number 

downstream Mach number 

downstream static pressure 

ratio of downstream static pressure to upstream 
static pressure 

upstream stagnation pressure 

downstream stagnation pressure 

downstream static temperature 

ratio of upstream static temperature to downstream 
static temperature 


I ini 


Hill I 


I III I 1 1 


I 


Mil 



TT1 upstream stagnation temperature 

TT2 downstream stagnation temperature 
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TABLE II. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl h 100 K 


A. PTl = 1. ATM OTl = 3.483 KGM/M3 


Ml 

M2 . -.‘. 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

TT2 

K 

P27P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 

1.00 

1.0000 

.5289 

83.27 

2.208 

l.QOQl 

100.00 

1.0000 

1.0000 

l.QQOO 

l.QOQl 

l.QQOO 

l.OQQO 

l.OS 

.9530 

.5581 

84.57 

2.29.* 

.9999 

100.00 

1.1196 

1.0330 

1.0842 

.9999 

l.OQOQ - 

.9999 

1.10 

.9116 

.5838 

65.69 

2.369 

.9990 

100.00 

1.2450 

1.0652 

1.1695 

.9990 

l.QQOO 

.9989 

1.15 

.8747 

.6061 

86.67 

2.432 

. 9967 

99.99 

1.3762 

1.0970 

1.2557 

.9967 

.9999 

.9967 

1.20 

.8418 

.6248 

87.53 

2.482 

.9928 

99.99 

1.5131 

1.1284 

1.3424 

.9928 

.9999 

.9928 

1.25 

.8124 

.6401 

88.28 

2.522 

.9871 

99.98 

1.6557 

1.1598 

1.4294 

.9871 

.9998 

.9870 

1.30 

.7857 

.6521 

88.94 

2.550 

.9^94 

99.97 

1.8042 

1.1913 

1.5167 

.9794 

.9997 

.9793 

1.35 

.7615 

.6609 

89.52 

2.567 

.9697 

99.95 

1.9565 

1.2229 

1.6039 

.9697 

.9995 

.9696 

1.40 

.7395 

.6667 

90.04 

2.574 

. 9582 

99.93 

2.1186 

1.2549 

1.6909 

.95 82 

.9993 

.9580 

1.45 

.7194 

.6697 

90.50 

2.572 

. 9448 

99.91 

2.2846 

1.2872 

1.7775 

.9448 

• 9991 

.9446 

1.50 

.7009 

. 6701 

90 .91 

2.561- 

.9^97 

99.89 

2.4564 

1.3200 

1.8636 

.92 97 

.9989 

.9295 

1.55 

.6839 

.6680 

91.28 

2.542 

.9130 

99.86 

2.6341 

1.3533 

1.9490 

.9130 

.9986 

.9128 


LAST POINT AT SATURATION 30UN0ARY 



TABLE II, REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl “ 100 K 




A. PTl = 

1. ATM OTl = 

3.483 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02^01 

PT2/PT1 

TT2/TT1 

0T2/DT1 


! _ 











iUtAL UiAIUnlU 

GAS VALUt--* 



1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0001 

1.0000 

1.0000 

1,05 

.9999 

1.0000 

1.0001 

1.0002 

1.0001 

l.OQOQ 

1.0000 

1.10 

.9998 

1.0000 

i.oon 

1.0003 

1.0001 

1.0000 

1.0000 

1.15 

.9997 

.9999 

1.0003 

1.0005 

1.0000 

.9999 

1.0000 

1*20 

.9996 

. 9998 

1.0004 

1.0006 

1.0000 

.9999 

1.0000 

1.25 

.9997 

.9997 

1.0004 

1.0006 

1.0000 

.9998 

1.0000 

1.30 

.9996 

.9996 

1.0003 

1.0007 

1.0000 

.9997 

.9999 

1.35 

.9997 

.9994 

1. 0002 

1.0007 

1.0000 

.9995 

• 9999 

1.40 

.9997 

.9994 

1.0001 

1.0007 

1.0000 

.9993 

.9998. 

1.45 

r9997 

.9993 

1.0000 

' 1.0008 

‘ .9999 

.9991 

.9997 

1.50 

.9997 

.9992 

.9998 

1.0008 

.9999 

.9989 

.9997 

1.55 

.9997 

.9992 

.9996 

1.0009 

.9998 

.9986 

.9995 


LAST POINT AT SATURATION BOUNOARY 
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table III. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl s 110 K 


A. PTl = 1. ATH OTl = 3.151 KGM/N3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

l.QOOO 

.5287 

91.60 

1.997 

1.0000 

110.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9530 

.5579 

93.03 

2.076 

. 9999 

110.00 

1.1196 

1.0330 

1.0841 

.9999 

l.QOOO 

.9999 

1.10 

.9116 

• 5836 

94.26 

2.143 

.9990 

110.00 

1.2450 

1.0652 

1.1693 

.9990 

1.0000 

.9989 

1.15 

.8748 

.6058 

95.34 

2.200 

.9967 

110.00 

1.3762 

1.0969 

1.2554 

.9967 

1.0000 

.9967 

1.20 

.8419 

.6246 

96.28 

2.246 

.9928 

109.99 

1.5132 

1.1284 

1.3421 

.9928 

.9999 

.9928 

1.25 

.8124 

.6399 

97.11 

2.281 

.9871 

109.98 

1.6559 

1.1598 

1.4291 

.9871 

.9998 

.9870 

1.30 

.7857 

.6519 

97.84 

2.306 

.9794 

109.97 

1.8044 

1.1913 

1.5163 

.97 94 

.9997 

.9793 

1.35 

.7615 

.6607 

98.49 

2.322 

.9697 

109.96 

1.9588 

1.2230 

1.6035 

.9697 

.9996 

.9697 

1.40 

.7395 

.6666 

99.06 

2.329 

.9582 

109.94 

2.1189 

1.2550 

1.6904 

.9582 

.9995 

.9581 

1.45 

.7194 

.6696 

99.57 

2.327 

.9448 

109.92 

2.2850 

1.2874 

1.7769 

.9448 

.9993 

.9447 

1.50 

.7009 

.6700 

IOC. 03 

2.317 

.9297 

109.90 

2.4568 

1.3203 

1.8629 

.9297 

.9991 

.9296 

1.55 

.6839 

.6679 

100.45 

2.300 

.9131 

109.88 

2.6344 

1.3537 

1.9483 

.9131 

.9989 

.9129 

1.60 

.6683 

.6637 

100.61 

2.277 

.9951 

109.86 

2.8179 

1.3876 

2.0328 

.8951 

.9987 

.8948 

1.65 

.6538 

.6574 

101.15 

2.247 

.8758 

109.83 

3.0072 

1.4222 

2.1163 

.8758 

.9985 

.8756 

1.70 

• 6404 

.6494 

101.45 

2.213 

.8555 

109.80 

3.2024 

1.4575 

2.1989 

.8555 

.9982 

.8552 

1.75 

.6279 

.6398 

101.72 

2.174 

.8343 

109.77 

3.4034 

1.4934 

2.2803 

• 8343 

.9979 

• 8340 

1.60 

• 6163 

.6289 

101.97 

2.130 

• 8124 

109.74 

3.6102 

1.5301 

2.3605 

.8124 

.9977 

.8120 

1.85 

.6056 

.6167 

102.19 

2.084 

.7899 

109.71 

3.8229 

1.5675 

2.4395 

.78 99 

• 9974 

.7895 


LAST POINT AT SATURATION 80UN0ARY 



TABLE III. ^EAL-GAS NORMAL SHOCK SOLUTIONS POR NITROGEN AT TTl x HO K 


A. PTl = 1. atm OTl = 3.151 KGM/M3 CONCLUDED. 


HI 

M2 

P2/P1 

T27T1 

02/01 

PT2/PTI 

TT2/TT1 

0T2/0T1 






rtkc uAi 






••••KtUfl t IVt lU 

iULAL lIlAIUniU 

VALUt**** 



1*00 

1.0000 

1.0000 

l.OJIOO 

1.0000 

1*0000 

1.0000 

1.0000 

1.05 

.9999 

1.0000 

1*0001 

1.0001 

1.0001 

1.0000 

1.0000 

1.10 

.9998 

l.OQOQ 

1.0002 

1.0002 

1.0000 

1.0000 

1.0000 

1.15 

.9997 

.9999 

1*0003 

1.0003 

1.0000 

1.0000 

1.0000 

1.20 

.9996 

.9999 

1.0004 

1.0004 

1.0000 

.9999 

1.0000 

1.25 

.9997 

.9998 

1.0004 

1.0004 

1.0000 

.9998 

l.QQOO 

1.30 

.9991 

.9997 

1.0004 

1.0004 

1.0000 

.9997 

1.0000 

1.35 

.9997 

.9996 

1.0003 

1.0004 

1.0000 

.9996, 

.9999 

1.40 

.9997 

.9995 

1.0003 

1.0004. 

1.0000 

.9995 

.9999 

1«49 

.9997 

.9994 

1.0002 

1.0005 

1.0000 

.9993 

.9998 

1*50 

.9997 

.9994 

1.0001 

1.0005 

.9999 

.9991 

.9998 

1.5S 

.9998 

.9993 

.9999 

1.0005 

.9999 

. .9989, 

.9997 

1*60 

• 9998 

♦ 9993 

.9998 

1*0005 

.9999 

.9987 

• 9996 

1*65 

.9998 

.9992 

.9996 

1.0005 

.9998 

.9985 

.9995 

1.70 

.9998 

.9992 

.9994 

1.0005 

• 9998 

. .9982 

.9994 

1.75 

.9997 

.9992 

.999? 

1.0005 

.9997 

.9979 

.9993 

1.80 

.9997 

.9991 

.9990 

1*0006 

• 9996 

.9977 

.9992 

1.05 

• 9998 

.9991 

.9988 

1.0006 

.999$ 

.9974 

• 9990 


LAST POINT AT SATURATION BOUNDARY 


TABLE III. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 110 K 


B. »T1 = 3. ATM OTl = 9.761 KGH/M3 


Ml 

M? 

P2 

ATM 

T? 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/TI 

02/01 

PT2/PT1 

TT2/TT1 

DT2/0T1 

1.00 

l.QOOO 

1.5885 

91.48 

6.186 

3.0001 

110.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.03 

.9520 

1.6763 

92.92 

6.430 

2.9996 

110.00 

1.1196 

1.0332 

1.0044 

.9999 

1.0000 

.9999 

I.IO 

.9112 

1.7530 

94.16 

6.640 

2.9968 

110.00 

1.2449 

1.0657 

1.1699 

.9909 

1.0000 

.9989 

1.15 

.8746 

1.8201 

95.23 

6.815 

2.9900 

109.99 

1.3755 

1.0975 

1.2560 

.9967 

.9999 

.9967 

i.ao 

• 6418 

1.8760 

96.17 

6.956 

2. 9^83 

109.97 

1.5120 

1.1291 

1.3427 

.9926 

• 9997 

.9927 

1.25 

.0123 

1.9210 

96.99 

7.066 

2.9610 

109.95 

1.6543 

1.1605 

1.4290 

.9070 

.9995 

• 9869 

1.30 

.7057 

1.9576 

97.70 

7.144 

2.9379 

109.91 

f.'0O23 

1.1919 

1.5172 

.9793 

.9992 

• 9792 

1.35 

.761h 

1.9640 

98.33 

7.192 

2.9088 

109.87 

1V9563 

1.2236 

1.6045 

• 9696 

.9909 

• 9694 

l.«*Q 

.739*# 

2.0012 

98.88 

7.212 

2. 8^41 

109.83 

2.1160 

1.2554 

1.6916 

• 9560 

• 9904 

.9577 

1.45 

.7193 

2.0101 

99.36 

7.205 

2.8337 

109.77 

2.2815 

1.2076 

1.7704 

• 9446 

.9979 

• 9442 


LAST POINT AT SATURATION BOUNDARY 


TABLE III. REAL-GAS NORMAL SHOCK SOLUTIONS FOR NITROGEN AT TTl = 110 K 




8. PTl = 

3. ATM DTI 

= 9.761 KGM7M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02701 

PT2/PT1 

TT2/TT1 

OT2/OT1 













lU ULAIUnXv 

bAo VMLUt— — • 



1.00 

1.0000 

i.QQOO 

I.QQOO 

I.QQOO 

1.0000 

1.0000 

1.0000 

1«0S 

.9997 

1.0000 

1.0004 

l.OOOV 

l.OOOQ 

1.0000 

1.0000 

1.10 

.9994 

.9999 

1.0007 

1.0U07 ' ' 

1.0000 

1.0000 

1.0000 

1.15 

.9995 

.9995 

1.0009 

1.0007 

l.OOOQ 

.9999 

1.0000 

1.20 

.9996 

.9991 

1.0009 

i.ooiV 

1.0000 

.9997 

.9999 

1.25 

.9996 

.9968 

1.0010 

1.0009 

1.0000 

.9995 

.9999 

1.30 

.9996 

.9985 

1. 0009 

1.0010 

.9999 

.9992 

.9998 

1.35 

.9996 

.9983 

1.0908 

l.QQll 

.9999 

.9989 

.9997 

1.^0 

.9996 

.9981 

1.0006 

1.0012 

.9998 

.9984 

.9995 

l«i»5 

.9996 

.9979 

1.0003 

1.0013 

.9997 

.9979 

.9994 


LAST POINT AT SATURATION BOUNDARY 



trU 


TABLE TII. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl « 110 K 


C. PTl > 5. ATN OTl ■ 16.050 KGH/N3 


HI 

H2 

P2 

ATM 

T2 

K 

D2 

KGM/M3 

9T2 

ATM. 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0TI 

IbOO 

1.0000 

2.6522 

91.36 

10.630 

5.0008 

110.00 

1.0000 

1.0000 

1.0000 

1.0002 

1.0000 

1.0001 

1.05 

.9526 

2.7992 

92.81 

11.103 

5.0001 

110.00 

1^1195 

1.0335 

1.0847 

1.0000 

1.0000 

1.0000 

1.10 

.9111 

2.9272 

9>4.06 

11.463 

4.99**5 

109.99 

1^2443 

1.0661 

1.1702 

.9969 

.9999 

.9989 

1,15 

.8245 

3.0374 

95.13 

11.764 

4.9833 

109.98 

1.3746 

1.0980 

1.2563 

.9967 

• 9996 

.9965 

t.ao 

• 8417 

3.1304 

96.06 

12.008 

4.9637 

109.95 

i;5i06: 

1.1296 

1.3432 

.9927 

• 9995 

• 9927 


LAST POINT AT SATURATION BOUNOARY 



115 


I 


TABLE III. SEAL -GAS NORMAL SHOCK SOLUTIONS FOR NITROGEN AT TTl s 110 K 




C. PTl H 5 

. ATM OTl 

s 16.850 KGM/H3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2yTTl 

0T2/DT1 










1 ••••••• 


••••KtLM t i Wt 

lU lUcAL UlHlUlliU 

• VALUt**** 



1.00 ‘ 

. . . 1* 0000 

. -1.0000 

l.OOQO 

i.QOOQo. 

1.0002 

1.0000 

1.0001 

1.05 

.9994 


^ 1.0006 

1.000/’*' 

1.0002 

1.0000 

1.0001 

lao 

.9993 

.9995-* 

. 1 . mu 

1.0009 

1.0000 

.9999 

1.0000 

1*15 

.9994 

.9988 

1.0013' 

i.oaifl 

1.0000 

.9998 

.9999 

l.?Q 

.9995 

• 9982 

1.0015 

1.0012 

.9999 

.9995 

• 9999 



LAST 

POINT AT SATURATION 80UN9ART 





I 



TABLE IV. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 120 K 


A. PTl = 1. ATM OTl * 2.878 K6N/M3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

*»T2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TT1 

0T2/0T1 

1.00 

1.0000 

.5285 

99.91 

1.825 

1.0000 

120.00 

1.0000 

1.0000 

1.0000 

1.0000 

l.OQOO 

l.OQOO 

1.05 

.9531 

.5577 

101.49 

1.896 

.9999 

120.00 

1.1196 

1.0330 

1.0841 

.9999 

1.0000 

.9999 

1.10 

.9116 

.5834 

102.83 

1.958 

.9990 

120.00 

1.2450 

1.0652 

1.1693 

.9990 

1.0000 

.,9969 

1.15 

.8748 

.6057 

104.01 

2.009 

.9967 

120.00 

1.3762 

1.0969 

1.2553 

.9967 

t.OQOO * 

.9967 

1.20 

.8419 

• 6244 

105.04 

2.051 

. 9928 

119.99 

1.5132 

1.1284 

1.3419 

-.9928 

.9999 

• 9926 

1.25 

.8124 

.6398 

105.94 

2.084 

.9871 

119.98 

1.6560 

1.1598 

1.4289 

.9871 

.9999 

• 9870 

1.30 

.7857 

.6518 

106.74 

2.107 

.9794 

119.98 

1.8046 

, 1.1913 

, 1.5160 

.9794 

• 9998 

.9793 

1.35 

.7615 

.6606 

107.45 

2.121 

.9697 

119.96 

-1.9590 

1.2231 

1.6032 

.9697 

.9997 

.9697 

l.tfO 

.7395 

• 6664 

108.08 

2.127 

.9582 , 

119.9$ 

2.1191 

1.2551 

1.6900 

.95 82 

• 9996 

.9581 

1.45 

.7194 

.6695 

108.64 

2.126, 

- '.-9448' 

119.94 

2.2852 

1.2875 

1.7765 

.9448 

.9995 

.9447 

1.50 

.7009 

.6699 

10.9..15 ‘ 

*2.117 

.9298 

119.92 

2.4570 

1.3204 

1.8625 

.9298 

.9993 

.9296 

1.55 

.6840 

-r667ff' ‘ 

109.60 

2.101 

.9131 

119.90 

2.6347 

1.3539 

1.9478 

.9131 

.9992 

.9130 

1..60 

.668'3 

.6636 

110.01 

2.060 

. 8951 

119.88 

2.8183 

1.3879 

2.0322 

.8951 

.9990 

• 8950 

1.65 

.6538 

.6374 

110.38 

2.053 

. 8759 

119.86 

3.0077 

1.4226 

2.1158 

.8759 

.9988 

.8757 

1.70 

.640 4 

.6494 

110.72 

2.022 

.8556 

119.83 

3.2029 

1.4579 

2.1983 

.6556 

• 9986 

• 8554 

1.75 

.6280 

.6398 

111.02 

1.966 

. 8344 

119.81 

3.4039 

1.4939 

2.2796 

• 8344 

.9984 

• 6342 

1.80 

.6164 

.6289 

111.29 

1.947 

.8125 

119.78 

3.6107 

1.5307 

2.3598 

• 8125 

• 9962 

• 8122 

1.95 

.6056 

.6167 

111.54 

1.904 

. 7900 

119.76 

3.8234 

1.568? 

2.4387 

• 7900 

.9960 

.7897 

1.90 

.5955 

.6036 

111 .77 

1.860 

.7571 

119.73 

4.0419 

1.6064 

2.5163 

.7671 

.9977 

• 7668 

1.95 

.5861 

.5896 

111.98 

1.813 

. 7439 

119.70 

4.2662 

1. 6455 

2.5926 

.7439 

.9975 

.7436 

2.00 

.5772 

.5750 

112.18 

1.764 

. 7205 

119.67 

**.4965 

1.6854 

2.6674 

• 7205 

.9973 

.7202 

2.05 

.5689 

.5598 

112.35 

1.714 

.6971 

119.65 

4.7325 

1.7261 

2.7408 

• 6971 

.9971 

.6967 

2.10 

.5612 

. 54h1 

112.51 

1.664 

.6738 

119.62 

4.9744 

1.7676 

2.8127 

.6738 

• 9966 

.6734 


Tl NEAR TRIPLE-POINT TEMPERATURE 



TABLE rv. R£AL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 120 K 
A. PTl = 1. ATM OTl = Z.8T8 KGM/MJ CONCLUDED. 


HI 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 










1 ■“ “ • 


lU 

IUlAL JlAiUnj.U 




1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0? 

.9999 

1.0000 

1.0001 

1.0001 

l.QQDO 

1.0000 

l.OQOQ 

1,10 

.9990 

l.OOQD 

1,0002 

1.0001 

1.0000 

1.0000 

1.0000 

1.15 

.9990 

1.0000 

1.0003 

1.0082 

l.OOQQ 

i.onoQ 

l.OOQO 

1.20 

.9997 

,9999 

1,0004 

1.0002 

1.0000 

.9999 

1.0000 

1.25 

.9997 

.9998 

1,0004 

1.0002 .. 

1.0000 

.9999 

1.0000 

1.30 

.9 997 

.9998 

1.0004 

1.0002* ' 

l.OQOQ 

.9998 

1.0000 

1.35 

.9997 

.9997 

1.0004 

1.0002 - - 

l.QQOO 

.9997 

.9999 

1.40 

-.9990 

.9996 

1,0003 

1,0002. 

l.OQOQ 

.9996 

.9999 

1.45 

.9998 

.9995 

1.0092 

1.0002 

1.0000 

.9995 

.9999 

1.50 

.9998 

.9995 

1, 0002 

1.0002 

l.OOQO 

.9993 

.9998 

1.55 

.9 998 

,9994 

1,0001 

1.0302 

.9999 

.9992 

.9998 

1.60 

.9998 

.9994 

1.0000 

1.0002 . 

.9999 

.9990 

.9997 

1.65 

.9997 

.9994 

. 9998 

1.0002 

- .9999 

.9988 

.9996 

1.70 

.9998 

.9993 

.9997 

1.0Q02 

.9998 

.. , .9986 

.9996 

1.75 

.9998 

.9993 

.9996 

1.0002 

.9998 

.9964- 

.9995 

1.00 

.9998 

.9993 

.9994 

1.0003 

.9998 

.9982 

.9994 

1.05 

.9998 

.9993 

.999? 

1.0003 

.9997 

.9980 

.9993 

1.90 

.9998 

.9992 

.9991 

1.0003 

.9997 

.9977 

.9993 

1.95 

.9998 

.9992 

.9989 

1.0003 

• 9996 

.9975 

.9992 

2.00 

.9997 

.9992 

,9987 

1.0003 

.9995 

.9973 

.9990 

2.05 

.9998 

. 9992 

.9986 

1.0803 

.9994 

.9971 

.9989 

2.10 

.9998 

.9992 

.9984 

t.0003 

. 9994 

.9968 . 

.9988 


T1 NEAR TRIPLE-POINT TEMPERATURE 



00 


table IV. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 120 K 
B. PTl = 3. ATM OTl = 8.S48 KGN/N3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

1.00 

1.0000 

1.5872 

99.80 

5.609 

3.0001 

120.00 

1. 0000 

l.OOQQ 

1.0000 

1.0000 

l.OQQO 

1.0000 

1.05 

.9529 

1.6749 

101.37 

5.829 

2.9996 

120.00 

1.1196 

1.0332 

1.0842 

.9999 

l.QQOQ 

.9999 

1*10 

.9113 

1.7523 

102.73 

6.019 

2.9968 

120.00 

1.2449 

1.0656 

1.1696 

.9989 

l.OOQQ 

.9989 

1*15 

• 8746 

1.8188 

103.90 

6.178 

2.9900 

119.99 

1.3758 

1.0975 

1.255^ 

.9967 

.9999 

.9967 

1.20 

• 8418 

1.8748 

104.92 

6.306 

2.9783 

119.97 

1.5123 

1.1290 

1.3422 

• 9928 

.9998 

.9927 

1.2S 

.8123 

1.9205 

105.82 

6.406 

2.9611 

119.95 

1.6547 

1.1605 

1.4292 

.9870 

.9996 

.9870 

1.30 

.7857 

1.9564 

106.61 

6.476 

2.9380 

119.93 

1.8029 

1.1920 

1.5164 

.9793 

.9994 

.9792 

1*35 

.7615 

1.9828 

107.30 

6.520 

2.9090 

119.69 

1.9569 

1.2237 

1.6035 

.9697 

.9991 

.9695 

1.40 

.7395 

2.0003 

107.91 

6.539 

2.8742 

119.85 

2.1167 

1.2556 

1.6905 

.9581 

• 9986 

.9579 

1.45 

.7193 

2.0091 

108.45 

6.533 

2.8341 

119.81 

2.2823 

1.2879 

1.7771 

.9447 

.9984 

.9444 

1.50 

• 7008 

2.0102 

108.93 

6.505 

2.7887 

119.75 

2.4538 

1.3206 

1.8631 

• 9296 

• 9979 

.9293 

1.55 

.6839 

2.0039 

109.35 

6.457 

2.7388 

119.69 

2.6311 

1.3538 

1.9485 

• 9129 

.9975 

.9125 

1.60 

.6682 

1.9911 

109.72 

6.390 

2.6846 

119.63 

2.8141 

1.3875 

2.0330 

.8949 

• 9969 

• 8944 

1.65 

.6537 

1.9722 

110.05 

6.307 

2. 6267 

119.56 

3.0031 

1.4218 

2.1167 

.8756 

• 9964 

• 8750 

1.70 

• 6403 

1.9480 

110.34 

6.209 

2.5656 

119.49 

3.1978 

1.4567 

2.1993 

.8552 

.9958 

• 6546 

1.75 

.6279 

1.9191 

110.60 

6.098 

2.5019 

119.42 

3.3983 

1.4923 

2.2808 

• 8340 

.9951 

.8333 

i.eo 

• 6162 

1.8860 

110.83 

5.977 

2.4359 

119.34 

3.6048 

1.5285 

2.3610 

.8120 

.9945 

.8112 


LAST POINT AT SATURATION BOUNDARY 



TABLfc IV. PEAL-GAS NORMAL-SHOCK SOLUTIONS FDR NITROGEN AT TTl * 120 K 




B. PTl = 

3. ATM OTl 

= 8.848 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 

















1.00 

1.0000 

l.OOQO 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9997 

1*0000 

1.0003 

1.0002 

1.0000 

1.0000 

1.0000 

1*10 

.9995 

.9999 

1.Q0Q6 

1.0004 

1.0000 

1.0000 

l.OOOQ. 

l.is 

.9995 

.9996 

i.onos 

1.0004 

1.0000 

.9999 

1.0000 

1.20 

.9996 

.9993 

1.0009 

1.0004 

1.0000 

.9998 

.9999 

1.25 

.9996 

.9990 

1.0010 

1.0004 

1.0000 

.9996 

.9999 

1.30 

.9997 

.9980 

1.0009 

1.0004 

.9999 

.9994 

.9996 

1.35 

.9997 

. 9986 

1.0009 

1.0005 

.9999 

.9991 

.9996 

1.40 

.9996 

. 9985 

1.0007 

1.0005 

• 9999 

.9988 

.9997 

1.45 

.9997 

. 9983 

1.0005 

1.0005 

.9998 

.9984 

.9996 

1.50 

.9996 

.9982 

1.0003 

1.0006 

.9998 

.9979 

.9994 

1.55 

.9997 

.9980 

l.OOOQ 

1*0006 

.9997 

.9975 

.9993 

1.60 

.9997 

.9979 

.9997 

1.0006 

.9996 

.9969 

.9991 

1.65 

.9996 

.9978 

.9993 

1.0007 

.9995 

.9964 

.9989 

1.70 

.9996 

.9977 

• 9989 

1.0007 

.9994 

.9958 

.9987 

1.75 

.9997 

.9977 

.9985 

1.0007 

.9993 

.9951 

.9985 

l.SO 

.9996 

.9976 

.9980 

1*0008 

.9991 

.9945 

.9982 


LAST POINT AT SATURATION 90UN0ARV 
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TABLE IV. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = K 


C. RTl = 5. ATM on = 15.133 KGM/M3 


HI 

H2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

ATN 

TT2 

K 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

DT2/OT1 

1.00 

1.0000 

2.6483 

99.68 

9.596 

5.0004 

120.00 

1.0000 

1.0000 

1.0000 

l.DOOl 

1.0000 

l.QOQO 

1.05 

.9527 

2.7949 

101.26 

9.974 

4.9996 

120.00 

1.1195 

1.0334 

1.0844 

.9999 

1.0000 

.9999 

1*10 

.9111 

2.9238 

102.62 

10.299 

4.9949 

119.99 

1.2447 

1.0660 

1.1698 

.9990 

.9999 

.9989 

1.15 

.8745 

3.0339 

103.79 

10.569 

4.9837 

119.98 

1.3750 

1.0979 

1.2557 

.9967 

• 9998 

.9967 

1*20 

• 8418 

3.1271 

104.81 

10.759 

4.9643 

119.96 

1.5112 

1.1296 

1.3423 

.9929 

.9996 

.9928 

1.25 

.8123 

3.2032 

105.70 

10.958 

4.9355 

119.92 

1.6532 

1.1611 

1.4294 

.9871 

.9994 

.9870 

1*30 

.7856 

3.2629 

106.47 

11.079 

4.8970 

119.88 

1.8010 

1.1926 

1.5166 

.9794 

.9990 

• 9792 

1.35 

• 7614 

3.3068 

107.15 

11.153 

4. 8486 

119.82 

1.9546 

1.2242 

1.6038 

.9697 

.9985 

.9695 

1.^0 

.7394 

3.3357 

107.74 

11.184 

4.7906 

119.75 

21^1140 

1.2561 

1.6909 

• 95 81 

.9979 

.9578 

1.^5 

.7193 

3.3503 

108.25 

11.173 

4.7235 

119.67 

2.2792 

1.2882 

1.7775 

.9447 

.9973 

.9443 

1.50 

.7008 

3.3518 

108.70 

11.125 

4.6478 

119.58 

2.4502 

1.3207 

1.8637 

.9296 

.9965 

.9291 

1.55 

• 6637 

3.3413 

109.09 

11.041 

4.5643 

119.49 

2.6270 

1.3536 

1.9492 

.9129 

.9957 

.9122 

1.60 

• 6681 

3.3195 

109.42 

10.926 

4.4738 

119.38 

2.6096 

1.3870 

2.0338 

.6946 

.9948 

• 8940 


LAST POINT AT SATURATION BOUNOARY 


( 



TABU IV. REAL-GAS NORtfAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 120 K 


C. PTl = 5. ATM OTl = 15.133 KGN/H3 CONCLUDED. 


HI 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 












•— — — KcLm I iVt 1 u 

uiAiunii. 

bAo WALUt— — • 



1.00 

l.OOQQ 

l.QOOQ 

1.0100 

1.0000 

1.0001 

1.0000 

1.0000 

1.05 

.9995 

1.0000 

1.0006 

1.0004 

1.0001 

1.0000 

1.0000 

1.10 

.9993 

.9997 

1.0010 

1.0006 

1.0000 

.9999 

1.0000 

1.15 

.9994 

.9991 

1.0012 

1.0005 

1.0001 

.9998 

1.0000 

1.20 

.9995 

.9986 

1.0114 

1.0005 

1.0001 

.9996 

1.0000 

1.25 

.9996 

.9981 

1.0015 

1.0005 

1.0000 

.9994 

.9999 

1.30 

.9996 

• 9978 

1.0014 

1.0006 

1.0000 

.9990 

.9999 

1.35 

.9996 

.9975 

1.0013 

1.0007 

1.0000 

.9985 

• 9997 

1.40 

.9996 

.9972 

1.0011 

1.0007 

.9999 

.9979 

.9996 

1.45 

.9 996 

.9969 

1.0008 

1.0008 

.9999 

.9973 

.9994 

1.50 

.9995 

.9967 

1.0004 

1.0009 

.9998 

.9965 

• 9992 

1.55 

.9995 

.9965 

.9999 

1.0010 

.9996 

.9957 

• 9990 

1.60 

.9995 

.9963 

. 9993 

l.OOiO 

.9995 

• 9948 

.9987 


LAST POINT AT SATURATION BOUNDARY 



fVi 

ro 


table IV. «£AL-GAS N0RMAt*SH0CK SOLUTIONS FOR NITROGEN AT TTl = 120 K 


0. PTl = 8. ATM OTl = 25.260 KGH/M3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

1.00 

1.0000 

4.2438 

99.51 

16.024 

8.0004 

120.00 

1.0000 

i.OOQO 

1.0000 

1.0001 

1.0000 

1.0000 

1.05 

.9524 

4.4796 

101.11 

16.659 

7. 9991 

120.00 

1.1195 

1.0338 

1.0847 

.9999 

1.0000 

.9999 

1.10 

.9111 

4,6837 

102,46 

17.197 

7,9916 

119.99 

1.2437 

1.0665 

1.1698 

• 9989 

• 9999 

• 9989 

1.15 

.8745 

4.8596 

103.63 

17.648 

7. 9737 

119.97 

1.373 6 

1.0986 

1.2557 

.9967 

.9997 

.9967 

1.20 

.8417 

5.0082 

104.65 

18.014 

7.9425 

119.93 

t-S0 92 

1.1303 

1.3423 

.9928 

.9994 

.9927 

1.25 

.8122 

5.1298 

105.52 

18.296 

7.8965 

119.88 

1.6506 

1.1619 

1.4294 

• 9871 

.9990 

• 9869 

1.30 

.7855 

5.2250 

106.28 

18.497 

7.9347 

119.80 

1.797X./ 

1.1934 

1.5167 

.9793 

• 9984 

.9791 

1.35 

.7613 

5,2950 

106,93 

18.621 

7.7571 

119,71 

1.9507 

1.2249 

1.6041 

• 9696 

.9976 

• 9693 


LAST POINT AT SATURATION BOUNDARY 
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TABLE IV. REAL-GAS NORMAL-ShOCK SOLUTIONS FOR NITROGEN AT TTl « ISO K 




0, PTl = 

8. ATM DTI 

s 25.260 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TT1 

OT2/OT1 













■ U iUcAL UlA.l]jni.u 




1*00 

1.0000 

1.0000 

1.0000 

l.OOO^p. 

l.OQOi 

1.0000 

1.0000 

1.05 

.9992 

.9999 

1.0009 

1.0006 ' 

l.OQQO 

1.0000 

1.0000 

1.10 

• 9992 

.9990 

1.0014 

1.0006 

1.0000 

.9999 

1.0000 

1.15 

.9994 

• 9980 

1.0018 

1.0005 

l.QOQO 

.9997 

1.0000 

1.20 

.9995 

.997? 

1.0021 

1.0005 

1.0000 

.9994 

.9999 

1.25 

.9995 

.9966 

1.0022 

1.0006 

1.0000 

.9990 

.9998 

1.30 

.9995 

.9960 

1.0021 

1.0007 

1.0000 

.9984 

.9997 

1.35 

.9994 

.9955 

1.0019 

1.0808 

.9999 

.9976 

.9996 


LAST POINT AT SATURATION BOUNDARY 


TABLE V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl - 130 K 


A. PTl s 1, ATM OTl * 2*650 KGM/M3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TT1 

0T2/0T1 

1.00 

1.0000 

* 5284 

108.26 

1.680 

1*0000 

130.00 

1.0000 

1*0000 

1.0000 

1*0000 

1.0000 

l.OQQQ 

1*05 

*9531 

*5576 

109*95 

1.746 

* 9999 

130.00 

1.1196 

1*0330 

1.0840 

.9999 

1.0000 

• 9999 

1*10 

*9117 

*5833 

111.41 

1.803 

*9990 

130.00 

1*2450 

1*0651 

1.1692 

• 9990 

1.0000 

.9989 

1*15 

*8749 

*6056 

112.68 

1.850 

*9967 

130.00 

1*3762 

1*0969 

1*2552 

*9967 

1.0000 

• 9967 

1 *20 

• 8420 

*6243 

113.79 

1.809 

.9928 

129.99 

1.5132 

1*1284 

1*3418 

.9928 

.9999 

• 9928 

1*25 

• 8124 

.6397 

114*78 

1.919 

.9871 

129.99 

1.6561 

1*1598 

1*4288 

.9871 

.9999 

• 9870 

1*30 

*7857 

.6517 

115*64 

1.940 

.9794 

129.98 

1.8047 

1.1913 

1.5159 

.9794 

• 9998 

.9793 

1.35 

.7616 

.6605 

116.41 

1.953 

*9697 

129.97 

1.9591 

1*2230 

1*6029 

.9697 

• 9996 

• 9697 

1 *h0 

.7395 

*6664 

117.10 

1.959 

* 9582 

129.96 

2*1193 

1.2551 

1*6898 

.95 82 

.9997 

• 9581 

1*45 

.7194 

*6694 

117.71 

1.957 

.9448 

129.94 

2.2854 

1.2876 

1.7763 

• 9448 

• 9996 

• 9446 

1.50 

.7009 

.6698 

118*26 

1.949 

. 9298 

129.93 

2.4573 

1.3205 

1.8622 

• 9298 

.9995 

• 9297 

1.55 

• 6839 

*6678 

118.76 

1.935 

.9132 

129.91 

2.6350 

1.3540 

1*9474 

.9132 

.9993 

• 9131 

1.60 

• 6683 

*6636 

119.21 

1.915 

. 8952 

129.89 

2*8186 

1.3081 

2*0316 

• 8952 

• 9992 

• 8950 

1*65 

*6538 

*6574 

119.61 

1.891 

. 8759 

129.87 

3 *00 80 

1.4228 

2.1153 

. 8759 

• 9990 

.8758 

1.70 

*6404 

*6494 

119.98 

1.862 

* 8556 

129.85 

3.2032 

1.4582 

2*1978 

• 8556 

.9989 

• 8555 

1*75 

*6280 

*6398 

120.31 

1.829 

. 8345 

129.83 

3*4042 

1.4942 

2.2792 

• 8345 

.9987 

• 8343 

1*80 

• 6164 

.6289 

120*61 

1.793 

.8126 

129.81 

3*6111 

1.5310 

2.3593 

• 8126 

.9985 

• 8124 

1*85 

• 6056 

.6167 

120 .89 

1.754 

.7901 

129.79 

3.8238 

1.5686 

2*4382 

.7901 

.9984 

.7699 

1.90 

*5955 

*6036 

121.14 

1.713 

. 7672 

129.77 

4*0424 

1.6069 

2*5156 

.7672 

»9982 

• 7670 

1.95 

• 5861 

*5097 

121 .38 

1.670 

. 7440 

129.74 

4*2666 

1*6461 

2.5920 

• 7440 

• 9980 

• 7438 

2*00 

.5772 

.5 750 

121.59 

1.625 

. 7206 

129.72 

4*4970 

1*6861 

2*6668 

• 7206 

• 9978 

• 7204 

2*05 

.5690 

.5598 

121*79 

1.579 

.6973 

129.69 

4*7331 

1.7268 

2.7402 

.6973 

• 9976 

.6970 

2*10 

*5612 

*5442 

121 .97 

t.533 

.6^39 

129.67 

4.9749 

1.7685 

2.8121 

.6739 

.9975 

• 6737 

2.15 

*5539 

*5283 

122.13 

1.485 

• 6506 

129*65 

5.2227 

1*8109 

2.8825 

• 6508 

.9973 

• 6505 

2*20 

.5470 

*5123 

122*29 

1 • h3 8 

.6278 

129*62 

5.4762 

1.8543 

2.9514 

• 6276 

• 9971 

• 6275 

2.25 

.5405 

*4 961 

122.43 

1.391 

.6052 

129*60 

5*7356 

1.8985 

3.0188 

• 6052 

• 9969 

• 6049 


T1 NEAR TRIPLE-POINT TEMPERATURE 



TABLE V, REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 130 K 


A* PTl - 1. ATN DTI ' ?«650 KGHFH3 CONCLUDED. 


«1 

H2 

P2/P1 

T27T1 

02/Dl 

PT2/PT1 

TT2/TT1 

0T2/0T1 




••••KtLA 1 ITt 1 U 

iU&AL UiAlunlv 

uAd wALUt*** 



1.00 

l.OQOO 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9999 

1.0000 

1.0001 

1.0000 

1.0000 

1.0000 

1.0000 

1*10 

.9999 

1.0000 

1.0002 

l.OOOl 

1.0000 

1.0000 

l.OOOO 

1.15 

.9998 

1.0000 

1.0003 

1.0001 

l.OQOO 

1.0000 

l.OOOO 

1.20 

.9997 

.9999 

1.0003 

1.0001 

l.OOOO 

.9999 

l.OQOO 

1.25 

.9997 

.9999 

1.0004 

1.0001 

1.0000 

.9999 

1.0000 

1*30 

.9997 

• 9998 

1.0004 

1.0001 

1.0000 

.9998 

1.0000 

1.35 

.9997 

.9997 

1.0004 

1.0001 . 

1.0000 

• 9998 

l.OQOO 

l.<»0 

.9997 

.9997 

1.0003 

1.0001 

1.0000 

.9997 

.9999 

l.<»5 

.9997 

• 9996 

1.0003 

1.0001 

1.0000 

.9996 

.9999 

1.50 

.9997 

• 9996 

1.0002 

1.0001 

1.0000 

.9995 

.9999 

1.S5 

.9998 

.9995 

1.0002 

1.0001 

1.0000 

.9993 

.9999 

1.60 

.9998 

.9995 

1.0001 

1.0000 

.9999 

.9992 

• 9998 

1.65 

.9998 

.9995 

1.0000 

1.0000 

.9999 

.9990 

• 9998 

1.70 

.9998 

.9994 

.9999 

l.OOOO 

.9999 

.9989 

.9997 

1.75 

.9998 

.9994 

.9998 

l.OQOO 

.9999 

.9987 

.9997 

1.80 

.9998 

.9994 

.9996 

1.0000 

.9999 

.9985 

• 9996 

1.65 

.9999 

.9994 

.9995 

l.OOOO 

.9998 

• 9984 

.9996 

1.90 

.9999 

.9993 

.9994 

1.0000 

.9998 

• 9982 

.9995 

1.95 

.9998 

.9994 

.9993 

l.OOOO 

.9997 

.9980 

.9994 

2.00 

.9998 

.9993 

.9991 

1.0000 

.9997 

.9978 

.9993 

2.05 

.9998 

.9993 

.9990 

1.0001 

.9996 

.9976 

.9993 

2.10 

.9998 

.9993 

.9989 

1.0001 

.9996 

.9975 

.9992 

2.15 

.9999 

.9993 

.9987 

1.0001 

.9995 

.9973 

.9991 

2.20 

.9999 

.9993 

.9986 

1.0091 

.9995 

.9971 

.9990 

2.25 

.9999 

.9993 

.9985 

1.0001 

.9994 

• 9969 

.9989 


T1 NEAR TRIPLE-POINT TEHPERATURE 


I\> 

ON 


TABLE V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR nITRoGEN AT TTl * 130 K 


8, PTl = 3. ATK OTl = 8.102 KGM/H3 


HI 

M2 

P2 

ATM 

T? 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TTI 

0T2/0T1 

1.00 

1.0000 

1.5963 

108.13 

5.138 

3.0000 

130.00 

1.0000 

1.0000 

L.OQOO 

1.0000 

1.0000 

l.OQOQ 

1.05 

.9529 

1.6739 

109.83 

5.339 

2.9996 

130.00 

1.1196 

1.0332 

1.0841 

• 9999 

1.0000 

• 9999 

1.10 

.9114 

1.7512 

111.30 

5.513 

2.9968 

130.00 

1.2449 

1.0656 

1.1694 

.9989 

l.QOQQ 

• 9989 

1.15 

.8746 

1.8179 

112.57 

5.658 

2.9900 

129.99 

1.3759 

1.0974 

1.2554 

.9967 

.9999 

• 9967 

1.20 

• 8418 

1.8738 

113.68 

5.776 

2. 9783 

129.98 

1.5125 

1.1290 

1.3418 

.9928 

• 9998 

• 9927 

1.25 

.8123 

1.9197 

114.65 

5.867 

2.9611 

129.96 

1.6550 

1.1604 

1.4287 

• 9870 

.9997 

• 9870 

1.30 

.7857 

1.9556 

115.51 

5.932 

2.9380 

129.94 

1.6033 

1.1920 

1.5158 

.9793 

.9995 

.9793 

1.35 

.7615 

1.9821 

116.27 

5.972 

2.9091 

129.91 

1.9574 

1.2237 

1.6029 

.9697 

.9993 

• 9696 

1.40 

.7395 

1.9995 

116.94 

5.989 

2.8Yi>4 

129.87 

2.1172 

1.2557 

1.6897 

.9581 

.9990 

• 9560 

1.45 

.7193 

2.0086 

117.53 

5.984 

2.8342 

129.83 

2.2830 

1.2881 

1.7762 

.9447 

.9987 

• 9446 

1.50 

.7009 

2.0097 

116.06 

5.958 

2.7890 

129.79 

2.4545 

1.3209 

1.8622 

.9297 

• 9984 

.9294 

1.55 

.6839 

2.0035 

118.52 

5.914 

2. 7391 

129.74 

?,.;6319 

1.3542 

1.9474 

• 9130 

• 9980 

• 9128 

1.60 

.6682 

1.9908 

118.94 

5.854 

2.6850 

129.68 

2.8151 

1.3880 

2.0319 

• 8950 

.9975 

• 8947 

1.65 

.6538 

1.9720 

119.31 

5.778 

2.6272 

129.62 

3.0041 

1.4225 

2.1154 

.8757 

.9971 

.8754 

i.ro 

.6404 

1.9479 

119.64 

5.689 

2.5663 

129.56 

3.1989 

1.4575 

2.1979 

.8554 

• 9966 

• 8550 

1.75 

.6279 

1.9191 

119.94 

5.588 

2.5026 

129.50 

3.3995 

1.4932 

2.2793 

• 8342 

• 9961 

• 8337 

1.60 

.6163 

1.8862 

120.20 

5.477. 

2.4367 

129.43 

3.6061 

1.5297 

2.3595 

.8122 

.9956 

• 8117 

1.65 

• 6055 

1.8496 

120.44 

5.357 

2.3692 

129.36 

3.8184 

1.5668 

2.4385 

.7897 

.9951 

.7891 

1.90 

.5955 

1.8101 

120.65 

5.230 

2. 3003 

129.29 

4.0364 

1.6047 

2.5160 

• 7668 

.9945 

• 7661 

1.95 

• 5860 

1.7680 

120.84 

5.098 

2.2306 

129.22 

4.2604 

1.6433 

2.5923 

.7435 

• 9940 

• 7429 

2.00 

.5772 

1.7240 

121.01 

4.961 

2.1603 

129.15 

4.4903 

1.6828 

2.6672 

• 7201 

• 9934 

.7194 

2.05 

.5689 

1.6782 

121.16 

4.820 

2.0900 

129.08 

4.7259 

1.7230 

2.7406 

• 6967 

• 9929 

• 6959 


LAST POINT AT SATURATION BOUNDARY 
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TABLE V. REAL-GAS NOPHAL-SHOCK SOLUTIONS TOR NITROGEN AT TTl * IJO K 


HI 


1*00 

1*0S 

1.10 

1*15 

1*20 

1.25 

1.30 

1.35 

1.40 

1.45 

1.50 

1.55 
1.60 
1.65 
1.70 
1.75 
1.60 

1.55 
1.90 
1.95 
2.00 
2.05 


B. PTl s 3. ATM OTl s 8.102 KGH/H3 CONCLUDED. 


H2 

P2/P1 

T2/T1 

02701 

PT2/PT1 

r A c u Ai 

TT2/TT1 

0T2/0T1 

********'**** 


•— — — KtLA I IVt • U 

JLUiiAL JXAIUnil* 

uAa VALUt — * 



1.0000 

1.0000 

1.0080 

1.0000 

1.0000 

1.0000 

l.OOQO 

.9998 

1.0000 

1.0003 

1.0001 

1.0000 

l.QQOO 

1.0000 

.9996 

.9999 

1.0006 

1.0092 

1.0000 

1.0000 

1.0000 

.9995 

.9996 

1.0008 

1.0003 

1.0000 

.9999 

1.0000 

.9996 

.9995 

1.0009 

1.0002 

1.0000 

.9998 

.9999 

.9996 

.9992 

1.0009 

1.0001 

1.0000 

.9997 

.9999 

.9997 

.9990 

1.0009 

l.QOQl 

1.0000 

.9995 

.9999 

.9997 

.9989 

1.QQ09 

1.0001 ’ 

1.0000 

.9993 

.9996 

.9997 

.9987 

1.0008 

1.0000 

.9999 

.9990 

.9998 

.9997 

• 9986 

1.0007 

1.0001 

.9999 

.9987 

.9997 

.9997 

.9985 

1.0005 

1.0001 

.9999 

.9984 

• 9996 

.9997 

.9983 

1.Q0Q3 

1.0001 

.9998 

.9980 

.9995 

.9997 

.9983 

1.0000 

1.0001 

.9998 

.9975 

.9994 

.9997 

.9982 

.9998 

l.OQQi 

.9997 

.9971 

.9993 

.9997 

.9981 

.9994 

l.OQQl 

.9997 

.9966 

.9992 

.9998 

.9980 

.9991 

1.0001 

.9996 

.9961 

• 9990 

.9997 

.9980 

.9988 

l.OQOl 

.9995 

.9956 

• 9988 

.9997 

.9979 

.9984 

1.0001 

.9994 

.9951 

• 9986 

.9997 

.9979 

.9980 

1.0002 

.9992 

.9945 

• 9984 

.9997 

.9979 

.9976 

1.000? 

.9991 

• 9940 

• 9982 

.9997 

.9979 

.9972 

1.0002 

.9989 

.9934 

.9979 

.9997 

.9978 

.9968 

1.0002 

• 9988 

.9929 

.9977 


LAST POINT AT SATURATION 80UN0ART 
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TABLE V. REAL-GAS NOPHAL-SHqCK SOLUTIONS >0R NITROGEN AT TTl = 130 K 


C. PTl = 5* ATM OTl = 13.T73 KGM^H3 


N1 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT? 

ATM 

TT? 

K 

P2/P1 

T2/T1 

D2/D1 

PT2/PT1 

TT2/TT1 

0T2/DT1 

1.00 

1*0000 

2.6456 

108.01 

8.736 

5.0002 

130.00 

1. 0000 

1.0000 

1.0000 

1.0000 

1.0000 

l.QQOO 

1.05 

.9528 

2.7920 

109.72 

9.079 

4.9995 

130.00 

1.1196 

1.0334 

1.0842 

.9999 

1.0000 

.9999 

1.10 

.9111 

2.9209 

111.19 

9.375 

4.9947, 

129.99 

1.2448 

1.0659 

1.1695 

.9989 

l.QQQQ 

.9989 

1.15 

.8745 

3.0312 

112.46 

9.621 

4.9835 

129.98 

1.3753 

1.0978 

1.2553 

.9967 

.9999 

.9967 

1.20 

.8418 

3.1243 

113.57 

9.821 

..9641 

129.96 

1.5116 

1.1295 

1.3417 

.9928 

.9997 

.9928 

1.25 

.8123 

3.2006 

114.53 

9.975 

4.9354 

129.93 

1.6538 

1.1610 

1.4286 

.9871 

.9995 

.9870 

1.30 

.7857 

3.2604 

115.38 

10.085 

4.8970 

129.90 

1.8017 

1.1926 

1.5157 

.9794 

.9992 

.9793 

1.35 

.7615 

3.3045 

116.13 

10.153 

4.8487 

129.85 

1.9555 

1.2243 

1.6027 

.9697 

.9988 ' 

.9696 

1.40 

.7395 

3.3335 

116.78 

10.181 

4.7909 

129.79 

2.1150 

1.2562 

1.6896 

.9582 

.9984 

.9580 

1.45 

.7193 

3.3484 

117.35 

10.172 

4.T239 

129. T? 

2.2804 

1.2885 

1.7761 

.9448 

.9978 

.9445 

1.50 

.7008 

3.3502 

117.85 

10.129 

4»6h64 

129.64 

2.'4516 

1.3212 

1.8621 

.9297 

.9973 

.9293 

1.55 

.6838 

3.3398 

118.29 

10.053 

4.5652 

129.56 

2^. 62 8 5 

1.3542 

1.9473 

.9130 

• 9966 

.9126 

1.60 

• 6681 

3.3184 

118.68 

9.949 

4.4748 

129.47 

2.8114 

1.3879 

2.0318 

• 8950 

.9959 

.8944 

1.65 

.6537 

3.2870 

119.02 

9.820 

4.3784 

129,37 

2.9999 

1.4220 

2.1154 

.8757. 

.9951 

.8751 

1.70 

• 6403 

3.2466 

119.31 

9.667 

4.2766 

129.26 

3.1943 

1.4567 

2.1979 

.6553 

.9943 

.. 8546 

1.75 

.6278 

3.1984 

119.57 

9.495 

..1702 

129.16 

3.3946 

1.4921 

2.2794 

• 8340 

.9935 

.8333 

l.SO 

.6162 

3.1433 

119.79 

9.305 

4,0602 

129.04 

3.6006 

1.5281 

2.3597 

.8120 

.9926 

.8112 

1.85 

.6054 

3.0822 

119.99 

9.100 

3.9473 

128.93 

3.8125 

1.5648 

2.4387 

.7895 

.9917 

.7686 

1.90 

.5953 

3.0161 

120.16 

8. 684 

3.8322 

128.81 

4.0303 

1.6023 

2.5164 

.7664 

.9908 

.7655 


LAST POINT AT SATURATION BOUNDARY 
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HI 


l.QO 

1.05 

1.10 

1.15 

1.20 

1.25 

1.30 

1.35 

1.40 

1.45 

1.50 

1.55 

1.60 

1.65 

1.70 

1.75 

i.ao 

1.85 

1*90 


TABLE V. REAL-GAS NORHAL-ShOCK SOLUTIONS FOR NITROGEN AT TTl = 130 K 
C. PTl = 5. ATM OTl = 13.773 KGH/H3 CONCLUDED. 


M2 

Pd/PX 

T27T1 

ATTuc rn 

02701 

TflCAl HTATniiTr 

PT2/PT1 

rAc uAi 

TT2/TT1 

0T2/0T1 

1.0000 

1.0000 

1.0000 

l.OOQQ 

l.QQOQ 

1.0000 

1.0000 

.9996 

l.OOQQ 

1.0005 

1.0002 

1.0000 

1.0000 

1.0000 

.9993 

.9999 

1.0009 

1.0004 

l.OOQQ 

1.0000 

l.OQQO 

.9994 

.9993 

1. 0012 

1.0002 

1.0000 

.9999 

1.0000 

.9996 

.9989 

1.0013 

1.0001 

1.0000 

.9997 

1.0000 

.9996 

.9985 

1.0014 

1.0000 

1.0000 

.9995 

.9999 

.9996 

.9992 

1.0014 

1.0000 

1.0000 

• 9992 

• 9999 

.9996 

.9979 

1.0014 

1.0000 

1.0000 

.9988 

.9998 

.9997 

• 9976 

1.0012 

1.0000 

l.OOQQ 

• 9984 

• 9998 

.9996 

.997h 

1.0010 

l.OOQQ 

• 9999 

• 9978 

• 9996 

.9996 

.9973 

1.0007 

1.0000 

.9999 

.9973 

.9995 

.9996 

.9971 

1.0003 

1.0000 

• 9998 

• 9966 

• 9994 

.9996 

.9969 

.9999 

1.0000 

.9997 

.9959 

.9992 

.9996 

.9968 

.9994 

1.0001 

• 9996 

• 9951 

• 9990 

.9996 

.9967 

.9989 

l.OQOl 

.9995 

.9943 

• 9987 

.^995 

.9966 

.9984 

1.0001 

.9994 

• 9935 

• 9985 

.9996 

.9965 

.9978 

1.0002 

• 9992 

• 9926 

• 9982 

.9996 

.9964 

.9971 

1.0002 

• 9990 

.9917 

.9979 

.9995 

• 9964 

• ^965 

1.0003 

• 9980 

• 9908 

• 9975 


LAST POINT AT SATURATION 80UN0ART 


uo 
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TABLE V* REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 130 K 


0. PTl = 0, ATM OTl s 22.741 KGM/N3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/TI 

02/Ql 

PT2/PT1 

TT2/TT1 

DT2/0TI 



ATM 

K 

KGM/M3 

ATM 

K 






1.00 

l.OQOO 

4.2365 

107.83 

14.431 

6. 0002 

130.00 

l.OQOO 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

l.OS 

.9525 

4.4716 

109.55 

15. 001 

7, 9989 

130.00 

1.1195 

1.0337 

1.0844 

.9999 

1.0000 

.9999 

1.10 

.9111 

4.6764 

111.03 

15.486 

7.9913 

129.99 

1.2441 

1.0664 

1.1693 

• 9989 

.9999 

• 9989 

1.15 

.8745 

4.8524 

112.29 

15,891 

7.9735 

129.97 

1.3741 

1.0964 

1.2550 

.9967 

.9998 

.9967 

1.20 

.s^ir 

5.0012 

li:^.40 

16.221 

7.9424 

129.94 

1.5100 

1.1302 

1.3414 

.9928 

.9995 

.9927 

1.25 

.8122 

5.1231 

114.36 

16.475 

7. 8964 

129.69 

1.6517 

1.1618 

1.4282 

.9871 

• 9992 

.9870 

1.30 

.7856 

5.2187 

115.19 

16.656 

7. 8349 

129.83 

1.7992 

1.1934 

1.5153 

.9794 

• 9987 

.9792 

1.35 

.7614 

5.2890 

115.92 

16.768 

7.7577 

129.75 

1.9524 

1.2251 

1.6023 

.9697 

.9981 

.9695 

1.4Q 

.7393 

5.3352 

116.54 

16.814 

7.6650 

129.66 

2.1114 

1.2569 

1.6692 

• 9581 

.9974 

.9578 

1.45 

.7192 

5.3587 

117.08 

16.797 

7.5579 

129.55 

2.2761 

1.2890 

1.7756 

.9447 

• 9965 

• 9443 

1.50 

.7007 

5.3614 

117.55 

16.724 

7.4369 

129.43 

2.4467 

1.3214 

1.8616 

.9296 

.9956 

• 9291 

1.55 

.6837 

5.3446 

117.94 

16.590 

7.3034 

129.29 

2.6230 

1.3542 

1.9470 

• 9129 

• 9945 

• 9123 

1.60 

.6680 

5.3099 

118.28 

16.425 

7.1587 

129.14 

2.8051 

1.3874 

2.0315 

.8948 

• 9934 

• 8941 

1.65 

.6535 

5.2594 

118.57 

16.209 

7.0039 

128.98 

2.9931 

1.4211 

2.1152 

.8755 

• 9922 

• 8747 


LAST POINT AT SATURATION BOUNDARY 


TA8L£ V. RSAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl s 130 K 


0. FTl = 8. atm OTl = 22.741 KGM/M3 CONCLUDED. 


Ml 

M2 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

0T2/0T1 




....sn ATTtfC rn 













i.oa 

1.0000 

l.OOQO 

1.0000 

1.0000 

l.QOOO 

l.OOQO 

1.0000 

1.05 

.9993 

l.OOQO 

1.0008 

1.0003 

1.0000 

1.0000 

1.0000 

1.10 

.9993 

.9993 

1.0013 

1.000? 

1.0000 

.9999 

1.0000 

1.15 

.9994 

.9985 

1.0017 

1.0000 

1.0000 

.9998 

1.0000 

1.20 

.9995 

.9978 

1.0020 

.9993 

1.0000 

.9995 

.9999 

1.25 

.9995 

.9973 

1.0021 

.9998 

1.0008 

• 9992 

.9999 

1.30 

.9995 

.9968 

1.0021 

.9997 

1.0000 

.9967 

• 9998 

1.35 

.9995 

.9963 

1.0020 

.9997 

1.0000 

.9981 

.9997 

1.40 

.9994 

.9959 

1.0118 

.9997 

.9999 

• 9974 

• 9996 

1.45 

.9995 

.9956 

1.0014 

.9997 

.9999 

.9965 

• 9995 

1.50 

.9994 

.9953 

1.0009 

.9998 

.9998 

• 9956 

• 9993 

1.55 

• 9994 

.9950 

1.0003 

.9998 

.9997 

.9945 

• 9990 

1*60 

.9994 

.9947 

.9996 

.9999 

.9996 

.9934 

• 9988 

1.65 

.9993 

.9945 

.9983 

1.0000 

• 9994 

• 9922 

• 9985 


LAST POINT AT SATURATION BOUNDARY 
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TABLE V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 130 K 


E. ?T1 = 10. ATM nil = 29.0&6 KGM/N3 


Ni 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

atm 

TT2 

K 

P2/PI 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

DT2/0T1 

1.00 

1.0000 

5.2989 

107.71 

18.456 

10.0306 

130.00 

1.0000 

l.QQQQ 

l.QOQO 

l.OQQl 

l.QOQO 

1.0000 

1.05 

.9523 

5.5935 

109.45 

19.187 

9. 9989 

130.00 

1.1195 

1.0339 

1.0644 

.9999 

1.0000 

.9999 

1.10 

.9111 

5.8481 

iin .92 

19.804 

9.9896 

129.99 

1.2436 

1.0666 

1.1692 

.9990 

.9999 

.9989 

1.15 

.8745 

6.0677 

112.19 

20.322 

9. gsi's 

129.97 

1.3733 

1.0988 

1.2548 

.9967 

.9997 

.9967 

1.20 

.8417 

6.2536 

113.29 

20.743 

9.9?85 

129.93 

1.5089 

1.1306 

1.3411 

.9929 

.9994 

.9928 

1.25 

.8122 

6.4058 

114.25 

21.067 

9.8712 

129.87 

1.6502 

1.1623 

1.4278 

.9871 

.9990 

.9870 

1.30 

.7855 

6.5251 

115.07 

21.299 

9.7944 

129.79 

1.7972 

1.1938 

1.5148 

.9794 

.9984 

.9792 

1.35 

.7613 

6.6128 

115.78 

21.441 

9.6979 

129.69 

1.9500 

1.2255 

1.6018 

.9698 

.9976 

.9695 

1.40 

.7393 

6.6706 

116.39 

21.499 

9.5822 

129.57 

2.1086 

1.2572 

1.6886 

.9582 

.9967 

.9579 

1.45 

.7191 

6.7001 

116.91 

21. ‘♦78 

9.4481 

129.44 

2.2729 

1.2892 

1.7751 

• 9448 

.9957 

• 9443 

1.50 

.7006 

6.7033 

117.35 

21.383 

9.2969 

129.28 

2.4430 

1.3214 

1.8611 

.9297 

.9945 

.9291 

1.55 

.6836 

6.6822 

117.71 

21.221- 

9.1298 

129.11 

2.6189 

1.3540 

1.9465 

.9130 

.9931 

.9123 


LAST POINT AT SATURATION BOUNOARV 



133 


Ml 


i.QO 

1.05 

1.10 

1.15 

1.20 

1.25 

1.30 

1.35 

1.40 

1.45 

1.50 

1.55 


table V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 130 K 


E. PTl = 10. ATM OTl = 29.060 KGH/M3 CONCLUOEO. 


H2 

P2/P1 

T27T1 

D27DI 

PT2/PT1 

TT2/TT1 

0T2/0T1 



— KcLMliwt lU 

1 U L AL LP I A 1 U n j 

Ll# VjAo VALUt** 



1.0000 

1.0000 

l.OOOQ 

1.0000 

1.0001 

l.OOOQ 

1.0000 

.9991 

.9999 

1.0010 

1.0004 

l.QOQO 

1.0000 

1.0000 

.9992 

.9989 

1.0016 

1.0001. 

1.0000 

.9999 

1.0000 

.9994 

.9979 

1.0020 

.9998 

1.0000 

.9997 

1.0000 

.9994 

.9970 

1.0023 

.9996 

1.0001 

.9994 

1.0000 

.9994 

.9963 

1.0025 

.9995 

1.0001 

.9990 

.9999 

.9994 

.9957 

1.0025 

.9994 

1.0001 

.9984 

.9999 

.9994 

.9951 

1.0023 

.9994 

l.OOOl 

.9976 

.9998 

.9994 

.9946 

1.0020 

.9994 

1.0000 

.9967 

.9996 

.9993 

.9942 

1.0015 

.9994 

1.0000 

.9957 

.9995. 

.9993 

.9938 

1.0009 

.9995 

.9999 

.9945 

.9993 

.9992 

.9934 

1.0001 

.9996 

.9998 

.9931 

.9990 


LAST POINT AT SATURATION BOUNOARY 
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TABLE VI. REAL-GAS NCRHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl > 11.0 K 


A. RTl * 1. ATI* OTl * 2.AS6 KGH/H3 


Ml 

H2 

P2 

T2 

02 

PT2 

TT2 

P2/PI 

T2/T1 

02/01 

PT2/PTI 

TT2/TTI 

OT2/OT1 



ATM 

K 

KGM/H3 

ATM 

K 







i.QO 

1.0000 

• 5284 

116.60 

1.557 

1.0000 

140.00 

1.0000 

l.QOOQ 

l.OOQQ 

1.0000 

1.0000 

1.0000 

1.05 

.9531 

.5575 

118.41 

1.618 

.9999 

140.00 

1.1196 

1.0329 

1.0840 

.9999 

1.0000 

.9999 

1.10 

.9117 

.5832 

119.98 

1.671 

.9990 

140.00 

1.2450 

1.0651 

1.1691 

.9990 

l.OQOQ 

.9989 

1.15 

.8749 

• 6055 

121.35 

1.715 

.9967 

140.00 

1.3762 

1.0968 

1.2551 

.9967 

1.0000 

.9967 

1.20 

.8420 

.6242 

122.55 

1.751 

.9928 

139.99 

1.5133 

1.1283 

1.3417 

.9928 

1.0000 

.9928 

1*25 

.8124 

.6396 

123.61 

1.778 

.9871 

139.99 

1.6561 

1.1598 

1.4286 

• 9871 

.9999 

.9870 

1.30 

.7857 

• 6516 

124.55 

1.798 

.9794 

139.98 

1.8048 

1.1913 

1.5157 

.9794 

.9999 

.9793 

1.35 

.7615 

• 6605 

125.38 

1.811 

.9697 

139.97 

1.9592 

1.2230 

1.6028 

.9697 

.9998 

.9697 

1.40 

.7395 

• 6663 

126.12 

1.816 

• 9582 

139.96 

2.1194 

1.2551 

1.6896 

.9582 

.9997 

.9582 

1.45 

.7194 

• 6693 

126.78 

1.814 

.9448 

139.95 

2.2855 

1.2876 

1.7760 

.9448 

.9997 

• 9448 

1.50 

.7009 

.6697 

127.38 

1.807 

.9298 

139.94 

2.4575 

1.3206 

1.8619 

• 9298 

.9996 

.9297 

1.55 

.6840 

.6677 

127.91 

1.794 

.9132 

139.92 

2.6352 

1.3541 

1.9472 

.9132 

.9995 

.9131 

1.60 

• 6683 

.6635 

128.40 

1.775 

. 8952 

139.91 

2.8188 

1.3882 

2.0316 

.8952 

.9993 

.8951 

1.65 

• 6538 

.6573 

128.84 

1.753 

.8760 

139.89 

3.0082 

1.4229 

2.1150 

• 6760 

.9992 

.8759 

1.70 

• 6404 

• 6493 

129.23 

1.726 

. 8557 

139.87 

3.2035 

1.4583 

2.1975 

.8557 

.9991 

.8556 

1.75 

• 6280 

• 6398 

129.60 

1.695 

• 8345 

139.85 

3.4045 

1.4944 

2.2788 

.6345 

.9990 

• 6344 

1.80 

.6164 

.6289 

129.93 

1.662 

• 8126 

139.83 

3.6114 

1.5313 

2.3590 

.8126 

.9988 

.8125 

1.85 

• 6056 

• 6168 

130.23 

1.626 

.7902 

139.81 

3.8242 

1.5689 

2.4378 

.7902 

.9987 

.7900 

1.90 

.5955 

• 6036 

130.51 

1.588 

.7673 

139.79 

4.0428 

1.6073 

2.5154 

.7673 

.9985 

.7671 

1.95 

.5661 

• 5897 

130.76 

1.548 

.7(*41 

139.77 

4.2672 

1.6465 

2.5916 

.7441 

.9984 

.7439 

2.00 

.5773 

.5751 

131.00 

1.506 

.7207 

139.75 

4.4974 

1.6865 

2.6664 

.7207 

.9982 

.7206 

2.05 

.5690 

.5599 

131.21 

1.464 

.6974 

139.73 

4.7335 

1.7273 

2.7397 

.6974 

.9981 

.6972 

2.10 

.5612 

.5443 

131.41 

1.421 

.6740 

139.71 

4.9754 

1.7690 

2.8116 

. 6740 

.9979 

.6739 

2.15 

.5539 

.5284 

131.59 

1.377 

.6509 

139.69 

5.2232 

1.8116 

2.8820 

• 6509 

.9978 

.6507 

2.20 

.5470 

.5124 

131.76 

1.333 

.6279 

139.67 

5.4768 

1.8550 

2.9510 

.6279 

.9976 

.6277 

2.25 

• 5405 

• 4962 

131.92 

1.290 

.6053 

139.65 

5.7362 

1.8993 

3.0184 

• 6053 

.9975 

• 6051 

2.30 

• 5344 

• 4000 

132.07 

1.246 

.5831 

139.63 

6.0015 

1.9444 

3.0843 

.5831 

.9974 

• 5828 

2.35 

• 5286 

• 4640 

132.21 

1.203 

.5612 

139.61 

6.2726 

1.9905 

3.1487 

• 5612 

.9972 

• 5610 

2.40 

• 5231 

• 4480 

132.33 

1.160 

.5399 

139.59 

6.5495 

2.0374 

3.2117 

.5399 

• 9971 

.5397 

2.45 

.5179 

• 4323 

132.45 

1.118 

.5190 

139.57 

6.8323 

2.0853 

3.2731 

• 5190 

.9970 

• 5188 


T1 NEAR TRIPLE-POINT TEHPERATURE 
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TABLE VX. REAL-GAS NORMAl-SHOCK SOLUTIONS FOR NITROGEN AT TTl = lAO K 


A. PTl - 1. ATH on - 2,456 KGN/N3 CONCLUOEO. 


HI 

H2 

P2/P1 

T27T1 

02/01 

pta/PTi 

TT2/TT1 

OTZ/OTl 






riAc UAi iir *.. 






'“■“•KcL f 1 lU 

UlMlUFiiU- 




1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

l.OQOO 

1.0000 

1.03 

.9999 

l.OQOO 

1.0001 

1.0000 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

1.0000 

L.0002 

1,0000 

1.0000 

1.0000 

1.0000 

1.15 

.9998 

1.0000 

1.0002 

1.0000 

1.0000 

1.0000 

1.0000 

1.20 

.9998 

1.0000 

1.0003 

1.0000 

I.OOQQ 

l.OQOO 

1.0000 

1.25 

.9997 

.9999 

1.0003 

1.0000 

1.0000 

.9999 

1.0000 

1.30 

. 9997 

.9999 

1.3004 

1.0000 

l.OQOO 

.9999 

1.0000 

1.35 

.999T 

.9998 

1.0004 

1.0000 

1.0000 

• 9996 

1.0000 

1.40 

.9998 

.9997 

1.0003 

1.0000 

1.0000 

.9997 

1.0000 

1.45 

.9998 

.9997 

1.0003 

.9999 

l.OQOO 

.9997 

1.0000 

1.50 

.9998 

.9997 

1.0003 

• 9999 

l.OQOO 

.9996 

.9999 

1.55 

.9998 

.9996 

1.0002 

.9999 

1.0000 

.9995 

.9999 

1.60 

.9998 

.9996 

1.0001 

.9999 

1.0000 

.9993 

.9999 

1.65 

.9998 

.9995 

1.0001 

.9999 

1.0000 

.9992 

.9999 

1.70 

.9998 

.9995 

i.OOQQ 

.9999 

1.0000 

.9991 

.9998 

1.75 

.9999 

.9995 

.9999 

.9999 

1.0000 

• 9990 

• 9998 

1.60 

.9999 

.9995 

.9998 

.9999 

.9999 

• 9988 

.9998 

1.85 

.9999 

.9995 

.9997 

.9999 

.9999 

• 9987 

.9997 

1.90 

.9998 

.9995 

.9996 

• 9999 

• 9999 

• 9985 

.9997 

1.95 

.9998 

.9994 

.9995 

.9999 

.9999 

• 9984 

.9996 

2*00 

.9998 

.9994 

.9994 

.9999 

.9998 

• 9962 

• 9996 

2.05 

.9999 

.9994 

.9993 

.9999 

.9998 

• 9981 

.9995 

2.10 

.9999 

.9994 

.9992 

.9999 

.9998 

.9979 

.9995 

2.15 

.9999 

.9994 

• 9991 

.9999 

.9997 

.9978 

.9994 

2.20 

.9999 

.9994 

.9990 

.9999 

.9997 

.9976 

.9994 

2.25 

.9999 

.9994 

.9989 

.9999 

• 9996 

.9975 

• 9993 

2.30 

.9999 

.9994 

.9968 

.9999 

• 9996 

.9974 

.9992 

2.35 

.9999 

.9994 

.9987 

.9999 

.9995 

.9972 

•9992 

2.40 

.9999 

.9994 

.9986 

.9999 

.9995 

.9971 

• 9991 

2.45 

.9999 

.9994 

.9985 

.9999 

.9994 

• 9970 

• 9990 


T1 NEAR TRIPLE-POINT TEMPERATURE 



table VI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl » 140 K 


B. PTl s 3. ATM OTt * 7.480 KGN/M3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

OT2/OT1 



ATM 

K 

KGM/M3 

ATM 

K 





■ “• 


1.00 

1.0000 

1.5859 

116.47 

4.744 

3.0005 

140.00 

l.OOOQ 

1.0000 

l.OOOQ 

t.0002 

1.0000 

1.0002 

1.05 

.9530 

1.6735 

118.29 

4.93Q 

3.0001 

140.00 

1.1196 

1.0331 

1.0841 

1.0000 

i.QOOO 

1.0000 

i.lQ 

.9114 

1.7508 

119.87 

5.091 

2.9973 

140.00 

1.2449 

1.0655 

1.1692 

.9991 

1.0000 

• 9991 

1.15 

.6746 

1.8172 

121.25 

5.224 

2.9900 

139.99 

1.3761 

1.0974 

1.2552 

.9967 

• 9999 

• 9967 

l.?Q 

.6418 

1.8732 

122.44 

5.333 

2.9783 

139.98 

1.5127 

1.1289 

1.3416 

.9926 

.9999 

• 9928 

1.25 

.8124 

1.9190 

123.49 

5.416 

2.9611 

139.97 

1.6552 

1.1604 

1.4284 

.9870 

• 9996 

• 9670 

1.30 

.7357 

1.9550 

124.42 

5.477 

2*9380 

139.95 

1.8036 

1.1919 

1.5154 

.9793 

.9996 

• 9793 

1.35 

.7615 

1.9815 

125.24 

5.514 

2.9091 

139.92 

1.9577 

1.2237 

1.6024 

.9697 

• 9994 

• 9696 

1.40 

.7395 

1.9990 

125.96 

5.529 

2.8745 

139.89 

2.1177 

1.2557 

1.6692 

• 9582 

.9992 

• 9581 

1.45 

.7194 

2. 0081 

126.61 

5.525 

2* 8344 

139.85 

2.2835 

1.2881 

1.7756 

• 9448 

• 9990 

• 9447 

1.50 

.7009 

2.0092 

127.18 

5.502 

2. 7892 

139.81 

2.4551 

1.3210 

1.8615 

.9297 

• 9987 

• 9296 

1.55 

.6839 

2.0032 

127.70 

5*461 

2.7394 

139.77 

2.6326 

1.3544 

1.9467 

.9131 

• 9984 

• 9129 

1.60 

.6683 

1.9905 

126.16 

5.405 

2.6854 

139.72 

2.8158 

1.3683 

2.0310 

.8951 

• 9980 

• 8949 

1.65 

.6538 

1.9718 

128.57 

5.336 

2. 6277 

139.67 

3.0048 

1.4228 

2.1145 

.8759 

• 9976 

• 8756 

1.70 

.6404 

1.9478 

128.93 

5.254 

2.5668 

139.62 

.3.1997 

1.4580 

2.1969 

• 8556 

.9973 

• 8553 

1.75 

.6279 

1.9191 

129.27 

5.161 

2.5031 

139.56 

3*4005 

1.4939 

2.2783 

.8344 

• 9969 

• 8340 

1.60 

.6164 

1.8863 

129.56 

5.059 

2.4374 

139.50 

3.6071 

1.5304 

2.3584 

• 8125 

• 9964 

• 8121 

1.65 

.6056 

1.8498 

129.83 

4.948 

2.3699 

139.44 

3.8194 

1.5677 

2.4373 

• 7900 

.9960 

• 7696 

1.90 

.5955 

1.8104 

130.07 

4.832 

2.3011 

139.38 

4.0377 

1.6057 

2.5149 

.7670 

.9956 

• 7666 

1.95 

.5860 

1.7684 

130.29 

4.710 

2.2314 

139.32 

4.2618 

1.6446 

2.5911 

• 7438 

.9951 

• 7433 

2.00 

.5772 

1. 7244 

130 .48 

4.583 

2.1613 

139.25 

4.4917 

1.6842 

2.6659 

.7204 

.9947 

.7199 

?.05 

.5689 

1.6788 

130.66 

4.454 

2.0910 

139.19 

4.7274 

1.7246 

2.7393 

.6970 

• 9942 

• 6965 

2.10 

.5612 

1.6319 

130.82 

4.322 

2.0209 

139.13 

4.9690 

1.7658 

2.8112 

• 6736 

• 9938 

• 6731 

2.15 

.5538 

1.5842 

130.97 

4.189 

1.9513 

139.07 

5.2164 

1.8079 

2.8817 

• 6504 

• 9933 

• 6499 

2.20 

.5469 

1.5359 

131.10 

4.055 

1.8822 

139.00 

5.4697 

1.8508 

2.9506 

• 6274 

.9929 

• 6268 

2.25 

.5404 

1.4873 

131.22 

3.921 

1.8143 

138.94 

5.7288 

1.8946 

3.0181 

• 6048 

.9925 

• 6042 

2.30 

.5343 

1.4387 

131.33 

3.788 

1.7474 

138.88 

5.9937 

1.9392 

3.0840 

• 5825 

• 9920 

• 5819 


LAST POINT AT SATURATION 80UN0ARV 



TABLE VI. PEAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITRCCEN AT TTl * 140 K 


e. PTl - 3. ATM OTl s 7.400 KGN/N3 CONCLUDED. 


N1 

M2 

P2/P1 

T2/T1 

027D1 

PT2/PTI 

TT2/TTI 

OT2/OTI 




ArTtfc Tn 

rncAi tiTArniiTP 







— KtLAllV- lU 

lUCHL uiHiuniw 

Uffo VAUUt— • 



1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0002 

1*0.000 

1.0002 

1.05 

.9998 

1. 0000 

1.0903 

1.0001 

1.0002 

1.0000 

1.0002 

1.10 

.9996 

1.0000 

1.0005 

l.QOQl 

1.0002 

1.0000 

1.0002 

1.15 

.9995 

.9999 

1.0007 

1.0001 

1.0000 

.9999 

l.OQQO 

1.20 

.9996 

.9996 

1.0008 

1.0000 

l.OQOQ 

.9999 

1.0000 

1.25 

.9996 

.9994 

1.0009 

.9999 

1.0000 

.9998 

• 9999 

1.30 

.9997 

.9992 

1.0009 

.9998 

1.0000 

.9996 

• 9999 

1.35 

.9997 

.9991 

1.0009 

.9998 

1.0000 

.9994 

.9999 

1.40 

.9997 

.9989 

1.0008 

.9997 

1.0000 

.9992 

.9999 

1.45 

.9997 

.9988 

1.0007 

.9997 

1.0000 

.9990 

• 9998 

1.50 

.9998 

.9967 

1.0006 

.9997 

l.QQOO 

.9987 

• 9998 

1.55 

.9997 

.9986 

1.0004 

.9997 

.9999 

• 9984 

.9997 

1.60 

.9997 

. 9985 

1.000? 

.9997 

.9999 

• 9980 

.9997 

1.65 

.9998 

.9984 

1.0900 

.9997 

.9999 

.9976 

• 9996 

1.70 

.9998 

.9984 

.9998 

.9997 

.9998 

.9973 

.9995 

1.75 

.9997 

.9983 

.9995 

.9997 

.9998 

• 9969 

• 9994 

1.80 

.9998 

.9983 

.9992 

.9997 

.9997 

.9964 

.9993 

1.65 

.9998 

.9982 

.9989 

.9997 

.9997 

.9960 

• 9991 

1.90 

.9998 

.9982 

.9986 

.9997 

• 9996 

• 9956 

.9990 

1.95 

.9997 

.9982 

.9983 

.9997 

.9995 

.9951 

• 9988 

2.00 

.9997 

.9982 

.9988 

.9997 

.9994 

.9947 

• 9987 

2.05 

.9998 

.9981 

.9977 

.9997 

.9993 

.9942 

• 9985 

2.10 

.9998 

.9981 

.9974 

.9998 

.9991 

• 9938 

• 9904 

2.15 

.9998 

.9981 

.9971 

.9998 

• 9990 

• 9933 

• 9902 

2.20 

.9997 

.9981 

.9967 

.9998 

• 9988 

• 9929 

.9979 

2.25 

.9997 

.9981 

.9964 

.9998 

.9987 

• 9925 

.9977 

2.30 

.9998 

.9981 

.9961 

.9998 

• 9986 

• 9920 

.9975 


LAST POINT AT SATURATION BOUNDARY 
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TABLE VI. real-gas NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl « 140 K 
C. PTl * 5. ATM OTl * 12.660 KGM/M3 


Ml 

M2 

P2 

ATM 

T2 

K 

D2 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/PI 

T2/T1 

D2/01 

PT2/PT1 

TT2/TTI 

OT2/OT1 

1.00 

1.0000 

2.6436 

116.34 

8.032 

5. 0001 

140.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

l.OS 

.9520 

2.7898 

118.17 

8.346 

4.9994 

140.00 

1.1196 

1.0333 

1.0841 

.9999 

1.0000 

.9999 

i.iO 

.9112 

2.9188 

119.76 

8.618 

4.9946 

140.00 

1.2449 

1.0658 

1.1693 

.9989 

1.0000 

.9989 

1.15 

.8746 

3.0292 

121.13 

8 . 844 

4.9835 

139.99 

1.3755 

1.0977 

1.2550 

.9967 

.9999 

.9967 

1.20 

.8418 

3.1224 

122.32 

9.028 

4.9640 

139.97 

1.5119 

1.1294 

1.3413 

.9928 

.9998 

.9928 

1.26 

.8123 

3.1988 

123.37 

9.170 

4.9354 

139.94 

1.6542 

1.1609 

1.4281 

.9871 

.9996 

• 9870 

1.30 

.7857 

3.2587 

124.29 

9.271 

4.8970 

139.91 

1.8023 

1.1925 

1.5150 

.9794 

.9993 

.9793 

1.35 

.7615 

3.3029 

125.10 

9.334 

4.8468 

139.87 

1.9562 

1.2243 

1.6020 

• 9698 

.9990 

.9696 

1.40 

.7395 

3.3320 

125.81 

9.360 

4.7911 

139.81 

2.1158 

1.2563 

1.6887 

.9582 

.9987 

.9581 

1.45 

.7193 

3.3471 

126.44 

9.352 

4.7242 

139.76 

2.2814 

1.2886 

1.7751 

• 9448 

.9983 

.9446 

1.50 

.7009 

3.3490 

126.99 

9.313 

4.6489 

139.69 

2.4526 

1.3214 

1.8609 

.9298 

.9978 

.9295 

1.55 

.6839 

3.3388 

127.48 

9.244 

4.5659 

139.61 

2.6297 

1.3546 

1.9461 

.91 32 

.9972 

.9129 

1.60 

• 6682 

3.3177 

127.92 

9.149 

4.4757 

139.53 

2.8127 

1.3863 

2.03Q5 

.8951 

.9967 

.8948 

1.6S 

• 6538 

3.2865 

128.30 

9.030 

4.3794 

139*45 

3.QQ14 

1.4227 

2.1139 

.8759 

.9961 

.8755 

1.70 

.6403 

3.2464 

128.64 

8.891 

4.2777 

139.36 

3.1960 

1.4576 

2.1964 

• 8555 

.9954 

.8551 

1.75 

.6279 

3.1984 

128.93 

8.733 

4.1717 

139.26 

3.3963 

1.4932 

2.2777 

.8343 

.9947 

.8338 

1.60 

• 6163 

3.1435 

129.20 

8.559 

4.0619 

139.17 

3.6025 

1.5294 

2.3578 

• 8124 

.9940 

.8118 

1.65 

• 6055 

3.0827 

129.43 

8.372 

3.9491 

139.^06 

3.8146 

1.5664 

2.4368 

.7898 

.9933 

.7892 

1.90 

.5954 

3.0168 

129.63 

8.174 

3. 8343 

138.96 

4.0325 

1.6041 

2.5144 

.7669 

.9926 

.7662 

1.95 

• 5860 

2.9466 

129.81 

7.967 

3.7180 

136.86 

4.2562 

1.6425 

2.5906 

.7436 

.9918 

.7429 

2.00 

.5772 

2.8731 

129.97 

7.752 

3.6009 

138.75 

4.4857 

1.6817 

2.6654 

.7202 

.9911 

.7194 

2.05 

.5688 

• 2.7969 

130.11 

7.532 

3.4834 

138.65 

4.7211 

1.7216 

2.7389 

.6967 

.9903 

.6959 

2.10 

• 5611 

2.7185 

130.23 

7.308 

3.3664 

138.54 

4.9624 

1.7624 

2.8108 

• 6733 

. .9896 

.6725 

2.15 

• 5537 

2.6387 

130.34 

7.082 

3.2501 

138.44 

5.2094 

1.8040 

2.8813 

• 6500 

.9888 

.6492 


LAST POINT AT SATURATION BOUNDARY 





TABLE VI. REAL- 

GAS NORMAL-SHOCK 

SOLUTIONS FOR 

NITROGEN AT TTl = 

140 K 




C. PTl = 

5. ATM OTl = 

12.660 KGM/H3 

CONCLUDED. 



HI 

M2 

P2/P1 

T2/T1 

02701 

PT2/PT1 

TT2/TT1 

OT2/OT1 





TfirAi nxATf 

1MTP PAC UAI IIC—M. 











1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9997 

1.0000 

1.0005 

1.0001 

l.OOOQ 

1.0000 

1.0000 

1.10 

.9994 

.9999 

1.0006 

1.0002 

1.0000 

1.0000 

1.0000 

1.15 

.9995 

.9995 

1.0011 

.9999 

l.OQQO 

.9999 

1.0000 

1.20 

.9996 

.9991 

1.0012 

.9998 

l.OOOQ 

.9996 

1.0000 

1.25 

.9996 

.9988 

1.0013 

.9997 

1.0000 

.9996 

1.0000 

1.30 

.9997 

.9965 

1.0014 

.9996 . 

1.0000 

.9993 

.9999 

1.35 

.9996 

.9983 

1.0013 

.9995 

1.0000 

.9990 

.9999 

1.40 

.9997 

.9960 

1.0012 

.99.94 

1.0000 

.9967 

.9999 

1.45 

.9996 

.9979 

1.0011 

.9994 . 

1.0000 

.9983 

.9998 

1.50 

.9997 

.9977 

1.0009 

.9994 

1.0000 

.9978 

.9997 

1.55 

.9997 

.9975 

1.0006 

.9994 

1.0000 

.9972 

.9997 

1.60 

.9997 

.9974 

1.0003 

.9994 

.9999 

.9967 

.9995 

1.65 

.9997 

.9973 

.9999 

.9994 

.9999 

.9961 

• 9994 

1.70 

.9996 

.9972 

.9995 

.9994 

.9998 

.9954- . 

..9993 

1.75 

.9997 

.9971 

.9991 

.9994 

.9997 

.9947 

.9991 

1.60 

.9997 

.9970 

.9966 

.9994 

.9996 

.9940 

.9989 

1.65 

• 9996 

.9970 

.9981 

.9994 

.9995 

.9933 

.9987 

1.90 

.9996 

.9969 

.9976 

.9995 

.9994 

.9926 

• 9965 

1.95 

.9997 

.9969 

.9971 

.9995 

.9992 

.9918 

• 9983 

2.00 

.9997 

.9968 

.9965 

.9995 

• 9990 

.9911 

• 9980 

2.05 

.9996 

.9966 

.9960 

.9996 

.9968 

.9903 

.9977 

2.10 

.9996 

.9968 

.9955 

.9996 

• 9966 

.9896 

.9974 

2.15 

.9996 

.9966 

.9949 

.9997 

• 9984 

.9868 

.9971 


LAST POINT AT SATURATION SOUNOARV 



o 


TABLE VI. REAL-GAS MORMAL-SHQCK SOLUTIONS FOR NITROGEN AT TTl = 140 K 


0. PTl s 6. ATM OTl * 20.750 KGM/N3 


N1 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/PI 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 



ATH 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

4.2320 

116.16 

13,173 

8,0010 

140.00 

l.QQOO 

1.0000 

l.OQQQ 

l.QQQl 

l.OOQQ 

l.QQOl 

1.05 

.9526 

4.4666 

118.01 

13.691 

7.9998 

140.00 

1.1195 

1.0336 

1.0841 

1.0000 

1.0000 

1.0000 

1.10 

.9111 

4.6720 

119.60 

14.135 

7.9921 

139.99 

1.2444 

1.0663 

1.1691 

.9990 

.9999 

.9989 

1.15 

.8746 

4.8401 

120.96 

14.504 

7.9745 

139,98 

1.3746 

1.0983 

1.2546 

.9968 

.9998 

• 9968 

1.20 

.8417 

4.9972 

122.16 

14.805 

7.9434 

139.95 

1.5107 

1.1301 

1.3408 

,9929 

.9996 

.9929 

1.25 

.8123 

5.1192 

123.20 

15,037 

7.8977 

139.91 

1.6525 

1,1617 

1.4274 

.9672 

.9994 

.9871 

1.30 

.7856 

5.2151 

124.11 

15.203 

7. 8363 

139.85 

1.8002 

1.1933 

1,5143 

,9795 

,9990 

.9794 

1.35 

.7615 

5.2856 

124.90 

15.305 

7.7594 

139.79 

1.9536 

1.2250 

1.6011 

.9699 

.9985 

• 9698 

1.40 

.7394 

5.3322 

125.59 

15.348 

7.6671 

139.70 

2^1128 

1.2570 

1.6877 

.9584 

.9979 

.9582 

1.45 

.7192 

5.3563 

126.19 

!5.334 

7.5602 

139.61 

2.2778 

1.2892 

1,7740 

.9450 

.9972 

.9447 

1.50 

.7007 

5.3595 

126.72 

15.269 

7.4396 

139.50 

2.4486 

1.3218 

1.8598 

.9299 

.9964 

.9296 

1.55 

.6838 

5.3421 

127.17 

15.153 

7.3053 

139.38 

2.6251 

1.3546 

1.9449 

.9132 

,9956 

• 9128 

1.60 

.6661 

5.3082 

127,56 

14.996 

7.1609 

139.25 

2.8076 

1.3863 

2.0293 

.8951 

.9947 

• 8946 

1.65 

.6536 

5.2581 

127.90 

14.801 

7.0068 

139.12 

2.9957 

1.4223 

2,1127 

.8758 

.9937 

.8753 

1.70 

.6402 

5.1938 

128.19 

14.571 

6.8438 

138.97 

3.1896 

1.4566 

2.1952 

,8555 

.9926 

• 8548 

1.75 

.6276 

5.1168 

128.44 

14.311 

6.6738 

138.82 

3.3895 

1.4920 

2,2765 

.8342 

.9916 

.8335 

1.60 

.6162 

5.0287 

128.65 

14,025 

6.4979 

138.66 

3.5952 

1.5277 

2.3567 

.8122 

.9904 

.8114 

1.B5 

.6054 

4.9310 

128.82 

13.717 

6.3170 

138.50 

3.8067 

1.5642 

2.4357 

.7896 

.9893 

.7888 

1.90 

.5953 

4.8252 

128.97 

13.390 

6.1329 

138.33 

4.0240 

1.6013 

2.5134 

.7666 

• 9881 

.7657 

1.95 

.5859 

4.7126 

129.09 

13.048 

5.9463 

138.16 

4.2471 

1.6391 

2.5897 

.7433 

.9869 

.7423 


LAST POINT AT SATURATION BOUNDARY 



TABLE VI. REAL-GAS NORHAL*SHOCK SOLUTIONS FOR NITROGEN AT TTi s IhH K 


0* PTl « «• ATM OTl = 20.750 KGH/H3 CONCLUDED. 


N1 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 




.^..Dci A rrur 








••••KtLA 1 iWt 

lU iUcAL UXAIUnil# 

vAd VAUUt**" 



1.00 

l.OflOO 

l.OOQO 

l.QQOO 

1.0000 

1.0001 

1.0000 

1.0001 

1.05 

.9995 

1.0000 

1.0007 

1.0001 

1.0001 

1.0000 

1.0001 

i«10 

.9993 

.9995 

1.0012 

1.0000 

1.0001 

.9999 

1.0000 

1.15 

.9995 

.9988 

1.0016 

.9996 

1.0001 

.9998 

1.0001 

1.20 

.9995 

• 9983 

1.0010 

.9994 

1.0001 

.9996 

1.0001 

1.25 

.9996 

.9978 

1.0020 

.9992 

1.0002 

.9994 

1.0001 

1.30 

.9996 

.9973 

1.0020 

.9991 

1.0002 

.9990 

1.0000 

1.35 

.9996 

.9969 

1.0020 

.9989, 

1.0002 

• 9985 

1.0000 

1.40 

.9996 

.9966 . 

1»0018 

~ . .9989/:- 

1.0002 

.9979 

1.0000 

1.45 

.9996 

• 9963 

1.0016 

.9988' 

1.0002 

.9972 

• 9999 

1.50 

.9995 

• 9960 

1.011? 

.9988 

1.0002 

.9964 

.9998 

1.55 

.9995 

.9958 

1.0007 

.9988 

1.0000 

.9956 

• 9995 

1.60 

• 9995 

• 9956 

1.0002 

.9988 

.9999 

.9947 

• 9994 

1.65 

.9995 

• 9954. . 

.9996 

.. .9988.. . 

. .9998 

.9937-'- 

• 9992 

1.70 

• 9994 

.9952 

.9990 

.9989 

.9997 

.9926 

• 9990 

1.75 

.9995 

.9951 

.9982 

.9989 

.9996 

• 9916 

.9987 

1.00 

.9995 

.9950 

.9975 

.9989 

.9994 

• 9904 

• 9985 

1.85 

.9994 

.9949 

.9967 

.9990 

.9992 

.9893 

• 9982 

1.90 

.9994 

• 9948 

.9959 

.9991 

.9990 

.9881 

.9978 

1.95 

.9995 

.9947 

.9950 

.9992 

.9968 

.9869 

.9975 


LAST POINT AT SATURATION 80UNOARY 



142 


TABLE VI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl - 140 K 


E. PTl =10. ATM OTl = 26.376 KGH/N3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM7M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

1.00 ' 

1.0000 

5.2908 

116.04 

16.752 

10.0003 

140.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

i.pooo 

1.05 

.9525 

5.5845 

117.90 

17.412 

9.9986 

140.00 

1.1195 

1.0338 

1.0842 

.9999 

1.0000 

.9999 

1.10 

.9111 

5.8400 

119.49 

17.973 

9.9892 

139.99 

1.2440 

1.0665 

1.1688 

.9989 

.9999 

.9989 

1.15 

.8745 

6.0597 

120.86 

18.442 

9.9670 

139.97 

1.3739 

1.0986 

1.2542 

.9967 

.9998 

• 9967 

1.20 

.8418 

6.2458 

122.05 

18.824 

9.9283 

139.94 

1.5097 

1.1304 

1.3403 

.9928 

.9995 

.9928 

1.25 

.8123 

6.5982 

123.08 

19.118 

9.8711 

139.89 

1.6513 

1.1621 

1.4269 

.9871 

• 9992 

• 9870 

1.30 

.7856 

6.5179 

123.98 

19.329 

9.7945 

139.82 

1.7986 

1.1938 

1.5136 

.9795 

.9987 

.9793 

1.35 

.7614 

6.6061 

124.77 

19.459 

9.6984 

139.73 

1.9517 

1.2255 

1.6004 

.9698 

• 9981 

• 9697 

1.40 

.7393 

6 . 6644 

125.44 

19.513 

9.5830 

139.63 

2.1106 

1.2574 

1.6869 

.9583 

.9974 

• 9581 

1.45 

.7192 

6.6945 

126.03 

19.495 

9.4494 

139.51 

2.2752 

1.2895 

1.7732 

.9449 

• 9965 

• 9446 

1.50 

.7007 

6.6984 

126.53 

19.411 

9.298T 

139.38 

2.4457 

1.3220 

1.8589 

.9299 

.9956 

• 9295 

1.55 

.6837 

6.6781 

126.96 

19.267 

9.1323 

139.23 

2.6219 

1.3548 

1.9440 

.9132 

.9945 

• 9128 

1.60 

.6680 

6.6355 

127.32 

19.067 

8.9519 

139.87 

2.8038 

1.3881 

2.0283 

.8952 

.9933 

• 8946 

1.65 

.6535 

6.5730 

127.63 

18. 818 

8.7589 

138.90 

2.9917 

1.4219 

2.1118 

.8759 

• 9921 

.8753 

1.70 

.6401 

6.4924 

127.89 

18.525 

8.5553 

138.71 

3.1853 

1.4562 

2.1942 

.8555 

• 9908 

• 8548 

1.75 

.6276 

6.3961 

128.11 

18.193 

8.3423 

138.52 

3.3847 

1.4910 

2.2756 

.8342 

• 9894 

• 8334 

1.80 

.6161 

6.2857 

128.28 

17.828 

8.1220 

138.32 

3.5900 

1.5264 

2.3559 

.8122 

• 9880 

• 8113 

1.85 

.6053 

6.1633 

128.42 

17.435 

7. 8958 

138.12 

3.8010 

1.5625 

2.4349 

.7896 

• 9866 

• 7886 


LAST POINT AT SATURATION BOUNOART 



TABLS VI 


REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl > lAI K 


C. PTl a 10. ATM DTI = 26.376 KGH/N3 CONCLUOEO. 


Mi 

M2 

P2/P1 

T2/T1 

02701 

PT2/PTI 

TT2/TT1 

DT2/0T1 




Arrifc rn 

Tiif Ai nTArniirr 

r^AC UAI lie... 








wWj vhuuc*** 


** ’ 

1.00 

1.0000 

1.0000 

1.0000 

1.0000 

i.eoQO 

1.0000 

1.0000 

1.09 

.9993 

1.0000 

1.0009 

1.0002 

1.0000 

l.QOQO 

1.0000 

1.10 

.9993 

.9992 

1.0015 

.9998 

1.0000 

• 9999 

1.0000 

1«19 

.9994 

.9983 

1.0019 

.9994 

1.0000 

• 9990 

1.0000 

1.20 

.9995 

.9976 

1.0022 

.9990 

1.0000 

,9995 

1.0000 

1.29 

.9995 

.9970 

1.0024 

.9998 

1.0001 

• 9992 

1.0000 

1.30 

.9995 

.9965 

1.0024 

.9986 

1.0001 

• 9987 

1.0000 

1.35 

.9995 

• 9960 

1.0023 

.9985 

1.0001 

• 9981 

• 9999 

1.40 

.9995 

.9956 

1.0021 

.9984 

1.0001 

.9974 

.9999 

1.45 

.9995 

.9952 

1.0018 

.9983 

1.0001 

.9965 

• 9990 

1.90 

.9994 

.9948 

1.0013 

.9983 

1.0001 

• 9956 

.9997 

1.55 

• 9994 

.9946 

1.0098 

.9983 

1.0000 

.9945 

.9995 

1.60 

.9994 

.9943 

l.OOQt 

.9983 

1.0000 

• 9933 

• 9994 

1.69 

.9993 

.9941 

.9994 

.9984 

.9999 

• 9921 

.9992 

1.70 

.9993 

.9938 

.9985 

.9984 

.9990 

• 9908 

.9989 

1.75 

.9993 

.9937 

.9976 

.9985 

.9996 

• 9694 

• 9986 

i.ao. 

.9993 

.9935 

.9966 

• 9986 

.9994 

• 9080 

.9983 

1.89 

.9993 

.9934 

.9956 

.9987 

• 9992 

• 9866 

• 9980 


LAST POINT AT SATURATION SOUNOARV 



iir 

4r 


Ml 


i.QO 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 . 4»0 

1.45 


TABtE VI. real-gas NORMAl-SHqCK SOLUTIONS FOR NITROGEN AT TTl = 140 K 


F. PTl 


M2 

P2 

T2 

□ 2 


ATM 

K 

KGM/M3 

l.OQQO 

10.5867 

115.54 

36.991 

.9518 

11.1755 

117.44 

38.448 

.9110 

11.6752 

119.01 

39.657 

.874-^ 

12.1123 

120.33 

40.683 

.8415 

12.4826 

121.57 

41.518 

.8119 

12.7875 

122.58 

42.164 

.7851 

13.0277 

123.44 

42.627 

.7608 

13.2058 

124.16 

42.914 

.7387 

13.3247 

124.77 

43.035 

.7185 

13.3852 

125.26 

42.991 


20. ATM 

OTl = 

57.991 KGM/M3 

pT2 

TT2 

P2/P1 

T2/T1 

ATn 

K 



20.0016 

140.00 

1.0000 

1.0000 

19.9980 

140.00 

1.1189 

1.0344 

19.9306 

139.98 

1.2412 

1.0673 

19.9368 

139.94 

1.3695 

1.0997 

19.8606 

139.88 

1.5035 

1.1318 

19.7485 

139.78 

1.6433 

1.1635 

19.5974 

139.65 

1.7887 

1.1951 

19.4072 

139.48 

1.9398 

1.2266 

19.1786 

139.28 

2.0966 

1.2581 

18.9115 

139.04 

2.2591 

1.2897 


02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

1.0000 

1.0001 

1.0000 

1.0000 

1.0836 

.9999 

1.0000 

• 9999 

1.1668 

.9990 

.9999 

.9990 

1.2512 

.9968 

.9996 

• 9968 

1.3364 

• 9930 

.9991 

• 9930 

1.4220 

.9874 

• 9904 

• 9874 

1^5079 

.9799 

.9975 

.9798 

1.5939 

.9704 

.9963 

.9703 

1.6799 

.9589 

.9948 

. 9589 

1.7656 

.9456 

• 9932 

• 9456 


last point at saturation boundary 



TftBLE VI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 140 K 




F. PTl = 20. 

ATM DTI 

= 57.991 KGM7M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

D27D1 

PT2/PT1 

TTZ/TTl 

DT2/0T1 




___DC'l A TTl»C 








•— -*'tL A 1 i Wt 

lU lUcAL UiAIUniU 

uAo VALUt—— ■ 



1.00 

1.0000 

l.OOflO 

1.0000 

1.0000 

1.0001 

1.0000 

1.0000 

1.05 

.9986 

.999W 

1.0015 

.9997 

1.0000 

1.0000 

1.0000 

1.10 

.9992 

.9969 

1.0122 

.9981 

l.QOOl 

.9999 

1.0001 

1.15 

.9992 

.9951 

1.0029 

.9970 

1.0002 

.9996 

1.0001 

1.20 

.9992 

.9935 

1.0033 

.9961 

1.0002 

.9991 

1.0002 

1.25 

.9991 

.9922 

1.0036 

.9954 

1.0004 

.9984 

1.0003 

1.30 

.9990 

.9910 

1.0035 

.9948 

1.0005 

.9975 

1.0005 

1.35 

.9988 

.9899 

1.0033 

.9945 

1.0006 

• 9963 

1.0006 

1.40 

.9986 

.9890 

1.0027 

.9942 

1.0008 

.9948 

1.0007 

1.45 

.9985 

.9881 

1.0019 

.9941 

1.0008 

.9932 

1.0008 


LAST POINT AT SATURATION BOUNDARY 


TABLE VII. REAL'CAS NORMAL-SHOCK SOLUTIONS FOR NITR06EN AT TTt * 1$0 K 


A. FTl 3 1. ATH OTl > 2.209 K6N/N3 


HI 

M2 

P2 

ATM 

T2 

K 

02 

KCM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TT1 

OT2/OT1 

1.00 

1.0000 

.5263 

124.93 

1.452 

1.0000 

150.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1. 0001 

1b05 

.9531 

.5575 

126.87 

1.508 

.9999 

150.00 

1.1196 

1.0329 

1.0840 

• 9999 

1.0000 

.5999 

1.10 

.9117 

.5832 

126.56 

1.557 

.9969 

150.00 

1.2450 

1.0651 

1.1691 

.9989 

1.0000 

• 5989 

1.15 

.8749 

.6054 

130.02 

1.596 

.9967 

150.00 

1.3762 

1.0968 

1.2550 

.9967 

1.0000 

.5967 

l.ZO 

.6420 

.6242 

131.31 

1.632 

.9928 

149.99 

1.5133 

1.1283 

1.3416 

• 9928 

1.0000 

• 5928 

1.25 

.8125 

.6395 

132.44 

1.656 

.9671 

149.99 

1.6561 

1.1597 

1.4285 

.9871 

.9999 

• 5870 

1.30 

.7657 

.6516 

133.45 

1.676 

.9794 

149.98 

1.8048 

1.1913 

1.5156 

.9794 

.9999 

• 5794 

1.35 

.7616 

• 6604 

134.34 

1.686 

.9697 

149.98 

1.9593 

1.2230 

1.6027 

.9697 

• 9998 

.5697 

1.40 

.7395 

.6663 

135.13 

1.692 

.9562 

149.97 

2.1196 

1.2551 

1.6895 

.9582 

.9998 

. 5582 

1.45 

.7194 

.66 93 

135.85 

1.691 

.9448 

149.96 

2.2857 

1.2876 

1.7759 

• 9448 

.9997 

• 5448 

1.50 

.7010 

.6697 

136.49 

1.684 

.9298 

149.94 

2.4576 

1.3206 

1.8618 

• 9298 

,9996 

. 5298 

1.55 

.6640 

.6677 

137.06 

1.672 

.9132 

149.93 

2.6354 

1.3541 

1.9470 

.9132 

.9995 

.5132 

1.60 

.6683 

.6635 

137.59 

1.655 

.8952 

149.92 

2.8190 

1.3882 

2.0314 

.8952 

.9995 

. 8952 

1.65 

.6539 

.6573 

138.06 

1.634 

.8760 

149.90 

3.0084 

1.4230 

2.1148 

.8760 

.9994 

. 87 59 

1.70 

.640 5 

.6493 

138.49 

1.609 

.8557 

149.89 

3.2037 

1.4584 

2.1973 

.8557 

.9992 

. 8557 

1.75 

.6280 

.6398 

138.68 

1.580 

• 6346 

149.87 

3.4048 

1.4946 

2.2786 

• 8346 

.9991 

• 8345 

1.80 

.6164 

.6289 

139.24 

1.549 

.8127 

149.65 

3.6118 

1.5315 

2.3587 

.8127 

.9990 

• 8126 

1.85 

.6056 

.6168 

139.57 

1.516 

.7902 

149.84 

3.8245 

1.5691 

2.4376 

.7902 

.9989 

• 7901 

1.90 

.5955 

. 60 37 

139.87 

1.480 

.7673 

149.82 

4. 0431 

1.6075 

2.5151 

.7673 

.9988 

. 7672 

1.95 

.5861 

.5897 

140.14 

1.443 

.7442 

149.80 

4.2675 

1.6468 

2.5913 

.7442 

.9987 

• 7440 

2.00 

.5773 

.5751 

140.40 

1.404 

.7208 

149.78 

4.4978 

1.6868 

2.6661 

• 7208 

.9985 

• 7207 

2.05 

.5690 

.55 99 

140.63 

1.365 

.6974 

149.76 

4.7339 

1.7277 

2.7394 

.6974 

.9984 

. €973 

2.10 

.5612 

.5443 

140.85 

1.325 

.6741 

149.74 

4.9758 

1.7694 

2.8113 

.6741 

.9983 

. 6740 

2.15 

.5539 

.5285 

141.05 

1.284 

.6510 

149.73 

5.2236 

1.8120 

2.8817 

• 6510 

.9982 

• 6506 

2.20 

.5470 

.5124 

141.23 

1.243 

• 6280 

149.71 

5.4772 

1.8555 

2.9506 

.6280 

.9981 

• 6279 

2.25 

.5405 

.4 963 

141.41 

1.202 

• 6054 

149.69 

5.7366 

1.8998 

3.0180 

• 6054 

.9979 

. 6053 

2.30 

.5344 

.4801 

141.57 

1.162 

.5832 

149.67 

6.0019 

1.9450 

3.0840 

.5832 

.9978 

• 5830 

2.35 

.5286 

.4640 

141.72 

1.122 

.5613 

149.65 

6.2731 

1.9911 

3.1484 

.5613 

.9977 

• 5612 

2.40 

.5231 

.4461 

141.86 

1.082 

• 5400 

149.64 

6.5500 

2.0381 

3.2113 

• 5400 

.9976 

. 5398 

2.45 

.5179 

• 4324 

141.99 

1.043 

.5191 

149.62 

6.8328 

2.0860 

3.2728 

.5191 

.9975 

.5190 

2.50 

.5130 

.4168 

142.11 

1.004 

• 4988 

149.61 

7.1214 

2.1349 

3.3328 

• 49^86 

.9974 

.4987 

2.55 

.5063 

.4016 

142.23 

.967 

.4791 

149.59 

7.4159 

2.1846 

3.3913 

.4791 

.9973 

.4789 

2.60 

• 5036 

.3667 

142.33 

.930 

.4599 

149.57 

7.7162 

2.2353 

3.4485 

.4599 

.9972 

• 4598 


T1 NEAR TRIPLE-POINT TEMPERATURE 



TABLE VII. REAL-GAS NOPMAL-SHQCK SOLUTIONS FOR NITROGEN AT TTl * 150 K 


A. PTl = 1. ATM OTl = 2.2S9 KGM/MS CONCLUDED. 


Ml 

M2 

P2/P1 

T2^T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/DT1 





TncAi nTATnMTr 

rAc uAi lie... 




1 ■“ — 


•■“•■•KtLfl I i *c. 1 U 

1UC.AL ulAiUniU 




1.00 

1.0800 

1.0000 

1. 0000 

1.0000 

1.0000 

l.OQOO 

l.OOQQ 

1.09 

1.0000 

l.OOQQ 

1.0001 

l.OOQQ 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

1.0000 

1.0002 

l.OQQO 

1.0000 

l.OQOO 

1.0000 

1.15 

.9999 

1.0000 

1.0002 

1.0000 

1.0000 

1.0000 

1.0000 

1.20 

.9996 

l.OOOC 

1. 3003 

1.0000 

1.0000 

I.OQOQ 

l.OOQQ 

1.25 

.9 998 

.9999 

1.0003 

l.OOQQ 

1.0000 

.9999 

l.OOQQ 

1.30 

.9997 

.9999 

1.Q0Q3 

1.0000 

1.0000 

.9999 

l.OQOO 

1.35 

.9998 

.9998 

1.0303 

.9999 

1.0000 

.9998 

l.OQQO 

1.40 

.9997 

.9998 

1. 0003 

.9999 

1.0000 

.9998 

l.OQOO 

1.45 

.9997 

.9998 

1.0003 

.9999 

i.OQOQ 

.9997 

1.0000 

1.50 

.9996 

.9997 

1.0003 

.9998 

1.0000 

.9996 

i.QOOO 

1.55 

.9998 

.9997 

1.0302 

.9998 

l.OQOO 

.9995 

1.0000 

1.60 

.9996 

.9996 

1. 0002 

.9998 

1.0000 

.9995 

1.0000 

1.65 

.9999 

.9996 

1. 0001 

.9998 

l.OOCQ 

.9994 

.9999 

1.70 

.9999 

.9996 

1.0000 

.9998 

l.OOQQ 

.9992 

.9999 

1.75 

.9999 

.9996 

1.3000 

.9998 

1.0000 

.9991 

.9999 

1.80 

.9996 

.9996 

.9999 

.9998 

1.0000 

.9990 

.9999 

1.85 

.9998 

.9996 

.9998 

.9998 

1.0000 

.9989 

.9998 

1.90 

.9998 

.9995 

.9996 

.9998 

l.OOQQ 

.9968 

.9998 

1.95 

.9 998 

.9995 

.9997 

.9998 

.9999 

.9987 

.9998 

2.00 

. 9999 

.9995 

.9996 

.9998 

.9999 

.9985 

.9998 

2.05 

.9999 

.9995 

.9995 

.9998 

.9999 

.9984 

.9997 

2.10 

.9999 

.9995 

.9994 

.9998 

.9999 

• 9983 

.9997 

2.15 

.9999 

.9995 

.9993 

.9998 

.9999 

.9982 

.9997 

2.20 

.9999 

.9995 

.9992 

.9998 

.9998 

• 9961 

.9996 

2.25 

.9999 

.9995 

.9992 

.9998 

.9998 

.9979 

.9996 

2.30 

.9999 

.9995 

.9991 

.9998 

.9998 

.9978 

.9995 

2.35 

.9999 

.9995 

.9990 

.9998 

.9997 

.9977 

.9995 

2.40 

.9999 

.9995 

.9989 

.9998 

.9997 

.9976 

.9994 

2.45 

.9999 

.9995 

.9988 

.9998 

.9997 

.9975 

.9994 

2.50 

.9999 

.9995 

. 9988 

.9998 

.9996 

.9974 

.9993 

2.55 

.9999 

.9995 

.9987 

.9998 

• 9996 

.9973 

.9993 

2.60 

.9999 

.9995 

.9986 

.9999 

.9995 

.9972 

.9992 


T1 NEAR TRIPLE-POINT TEMPERATURE 


4sr 

00 


TABLE VII. REAL-GAS NQPMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 150 K 


B. PTl = 3. ATM ■ OTl = 6.951 KGM/M3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1. 

T2/TI 

02/Dl 

PT2/PT1 

TT2/TT1 

OT 2/OTl 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

l.GOOQ 

1.5853 

124.80 

4.409 

3.0004 

150.00 

l.ODOO 

1.0000 

1.0000 

1*0001 

1.0000 

1. 0001 

1.05 

.9530 

1.6729 

126.75 

4.581 

3.0000 

150.00 

1.1196 

1.0331 

1.0640 

1.0000 

l.OQQO 

1. OQQO 

1.10 

.9115 

1.7501 

128.44 

4.730 

2.9972 

150.00 

1.2449 

1.0654 

1.1691 

.9991 

1.0000 

. 5991 

1.15 

.8746 

1.8169 

129.92 

4.855 

2.9904 

149.99 

1.3761 

1.0973 

1.2550 

• 9968 

.9999 

• 5968 

1.20 

. 6418 

1.8730 

131.20 

4.956 

2. 9788 

149.98 

1.5129 

1.1288 

1.3414 

.9929 

.9999 

.5929 

1.25 

.8123 

1.9189 

132.33 

5.034 

2.9616 

149.97 

1.6554 

1.1603 

1.4282 

.9872 

.9990 

. 5872 

1.30 

.7857 

1.9549 

133,32 

5.090 

2.9386 

149.95 

1.8038 

1.1918 

1.5151 

.9795 

.9997 

. 5795 

1.35 

.7616 

1.9815 

134.20 

5.125 

2.9097 

149.93 

1.9580 

1.2236 

1.6021 

.96 99 

.9995 

• 5699 

1.40 

.7395 

1.999Q 

134.99 

5.140 

?.0*"51 

149.90 

2.1181 

1.2557 

1.6866 

• 9584 

.9993 

. 55 83 

1.45 

.7194 

2.0081 

135.69 

5.135 

2. 8351 

149.87 

2.2839 

1.2081 

1.7752 

• 9450 

.9991 

• 5449 

1.50 

.7009 

2. 0094 

136.31 

5.114 

2. 7899 

149.84 

2.4556 

1.3210 

1.8610 

• 9300 

.9969 

. 5299 

1.55 

.6839 

2. 0 0 34 

136.87 

5.C77 

2.7401 

149.80 

2.6331 

1.3545 

1.9461 

.9134 

.9986 

. 5132 

1.60 

.6683 

1.9907 

137.36 

5.025 

2. 6862 

149.75 

2.8164 

1.3884 

2.0305 

.8954 

.9984 

• 6952 

1.65 

.6538 

1.9717 

137.81 

4.959 

2. 6280 

149.71 

3.0055 

1.4230 

2.1139 

• 6760 

.9981 

. 6758 

1.70 

.6404 

1.9478 

138.22 

4.683 

2.5671 

149.66 

3.2005 

1.4583 

2.1963 

.8557 

.9977 

. 6555 

1.75 

.6280 

1.9191 

138.58 

4.797 

2.5036 

149.61 

3.4013 

1.4942 

2.2776 

.6345 

.9974 

• 6343 

1.60 

• 6164 

1.8863 

138.91 

4.702 

2.4379 

149.56 

3.6079 

1.5309 

2.3577 

• 8126 

.9971 

• 6124 

1.85 

.6056 

1.8500 

139.20 

4.600 

2.3704 

149.51 

3.8204 

1.5663 

2.4365 

.7901 

.9967 

. 7899 

1.90 

.5955 

1.8106 

139.48 

4.492 

2.3017 

149.45 

4.0387 

1.6064 

2.5141 

.7672 

.9963 

.7669 

1.95 

• 5861 

1.7687 

139.72 

4.379 

2.2321 

149.40 

4.2629 

1. 6454 

2.5902 

.7440 

.9960 

. 74 37 

2.00 

.5772 

1.7248 

139.94 

‘♦•261 

2.1620 

149.34 

4.4928 

1.6851 

2.6650 

.7207 

• 9956 

. 7203 

2.05 

.5690 

1.6792 

140.14 

4.141 

2.0918 

149.29 

4.7286 

1.7256 

2.7384 

.6973 

.9952 

• 6969 

2.10 

.5612 

1.6324 

14C .32 

4.019 

2.0217 

149.23 

4.9702 

1.7670 

2.8103 

.6739 

• 9949 

• 6736 

2.15 

.5539 

1.5847 

140.49 

3.895 

1.9521 

149.17 

5.2177 

1.8092 

2.8807 

• 6507 

.9945 

• 6504 

2.20 

.5469 

1.5365 

14C.65 

3.771 

1.8832 

149.12 

5.4711 

1.8523 

2.9496 

.6277 

• 9941 

. 6274 

2.25 

.5404 

1.4879 

140.79 

3.647 

1. 8152 

149.07 

5.7302 

1.8962 

3.0171 

• 6051 

.9936 

• 60 47 

2.30 

.5343 

1.4394 

140.91 

3.524 

1. 7484 

149.01 

5.9952 

1.9410 

3.0830 

• 5628 

• 9934 

. 5824 

2.35 

.5285 

1.3911 

141,03 

3.401 

1. 6828 

148.96 

6.2661 

1.9867 

3.1475 

• 5609 

.9931 

• 5605 

2.40 

.5230 

1.3432 

141.14 

3.280 

1, 6187 

148.91 

6.5428 

2.0333 

3.2105 

• 5396 

.9927 

. 5392 

2.45 

.5178 

1.2959 

141.24 

3.161 

1. 5560 

148.86 

6.8253 

2.0808 

3.2720 

.5187 

• 9924 

• 5183 

2.50 

.5129 

1.2493 

141.33 

3.045 

1.4950 

148*81 

7.1137 

2.1291 

3.3320 

.4983 

.9921 

.4979 

2.55 

.5082 

1.2Q35 

141.42 

2.930 

1.4357 

148.76 

7.4060 

2.1784 

3.3906 

• 4786 

.9918 

• 4782 


LAST POINT AT SATURATION BOUNDARY 
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TABLF VII. REAL- 

GAS NORMAL-SHOCK 

SOLUTIONS. FOR 

NITROGEN AT TTl = 

150 K 




B. PTl = 3 

. ATM OTl = 

6.951 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T27T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/DT1 












— — — — KtLW ■ iTt 1 U 

iut ftL u 1 ft 1 ur 

VALUt— * 



l.CO 

1.0000 

l.OOOG 

1.0000 

1.0000 

i.ooai 

1.0000 

1.0001 

1.05 

.9999 

1.0000 

1.0002 

1.0000 

1.0001 

1.0000 

1.0001 

1.10 

.9997 

1.0000 

1.0005 

1.0000 

1.0001 

1.0000 

1.0001 

1.15 

.9995 

.9999 

1.0006 

1.0000 

1.0001 

.9999 

1.0001 

1.20 

.9996 

.9997 

1.0007 

.9998 

1.0001 

.9999 

1.0001 

1.25 

.9996 

.9995 

1. 0008 

.9997 

i.aool 

.9998 

1.0001 

1.30 

.9997 

.9993 

1.0006 

.9996 

1.0002 

.9997 

1.0001 

1.35 

.9997 

.9992 

1.0006 

.9996 

1.0002 

.9995 

l.QOQl 

1.^0 

.9998 

.9991 

1.0008 

.9995 

1.0002 

.9993 

1.0001 

l.ifS 

.9998 

.9990 

1.0007 

.9995 

1.0002 

.9991 

1.0001 

1.53 

.9997 

.9989 

1.0006 

.9994 

1.0002 

.9989 

1.0001 

1.55 

.9998 

.9988 

1.0005 

.9994 

1.0002 

.9986 

1.0001 

1.60 

.9998 

.9987 

1.0003 

.9994 

1.0002 

.9984 

1.0000 

1.65 

.9998 

.9987 

1.0002 

.9994 

l.QOQO 

.9981 

.9998 

1.70 

.9998 

.9966 

1.0000 

.9994 

1.0000 

.9977 

.9997 

1.75 

.9998 

.9986 

.9998 

.9993 

1.0000 

.9974 

.9997 

1.60 

.9998 

.9985 

.9996 

.9993 

.9999 

.9971 

.9996 

1.85 

.9998 

.9985 

.9993 

.9994 

.9999 

.9967 

• 9996 

1.90 

.9997 

.9985 

.9991 

.9994 

.9998 

• 9963 

• 9994 

1.95 

.9998 

.9984 

.9988 

.9994 

.9998 

• 9960 

.9994 

2.0Q 

• 9998 

.9984 

• 9986 

.9994 

.9997 

.9956 

.9993 

2.05 

.9998 

.9984 

• 9983 

.9994 

.9996 

• 9952 

.9992 

2.10 

.9998 

.9964 

.9981 

.9994 

.9996 

.9949 

• 9990 

2.15 

.9999 

.9984 

.9976 

.9994 

.9995 

.9945 

.9969 

2.20 

.9998 

.9984 

.9976 

.9995 

.9993 

• 9941 

.9986 

2.25 

.9998 

.9984 

.9973 

.9995 

.9992 

• 9938 

• 9966 

2.30 

.9998 

• 9984 

.9970 

.9995 

.9991 

.9934 

.9965 

2.35 

.9996 

.9984 

.9966 

.9995 

.9990 

• 9931 

.9983 

2.40 

.9999 

.9984 

• 9966 

.9996 

. 9969 

.9927 

• 9982 

2.45 

.9999 

.9984 

• 9963 

.9996 

.9968 

• 9924 

• 9960 

2.50 

• 9999 

• 9984 

.9961 

.9996 

.9986 

• 9921 

.9978 

2.55 

.9999 

• 9984 

.9959 

.9996 

• 9985 

• 9916 

.9976 


LAST POINT AT SATURATION BOUNDARY 



o 


TABLE vn« REAL-6AS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl « ISO K 


C* PTl = 5. ATM on = 11.727 KGN/M3 


HI 

N2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

OT 2/OTl 



ATM 

K 

KGN/H3 

ATM 

K 







1.00 

1.0000 

2.6422 

124.68 

7.441 

5.Q001 

150.00 

1.0000 

l.QQOO 

1.0000 

1.0000 

1.0000 

1. 0000 

1.05 

.9529 

2.7883 

126.64 

7.732 

4.9993 

150.00 

1.1196 

1.0333 

1.0840 

.9999 

1.0000 

• 5999 

1.10 

.9113 

2.9171 

128.34 

7.983 

4.9946 

150.00 

1.2449 

1.0657 

1.1691 

.9989 

1.0000 

. 5989 

1.15 

• 8746 

3.0279 

129.81 

8.193 

4.9834 

149.99 

1.3757 

1.0977 

1.2548 

.9967 

.9999 

• 5967 

1.20 

.8418 

3.1212 

131.09 

8.363 

4.9640 

149.97 

1.5123 

1.1293 

1.3411 

• 9928 

.9998 

• 5928 

1.2S 

• 8123 

3.1975 

132.21 

8.495 

4.9354 

149.95 

1.6546 

1.1608 

1.4277 

.9871 

.9997 

• 5870 

1.30 

.7857 

3.2575 

133.20 

8.589 

4.8970 

149.92 

1.8027 

1.1924 

1.5146 

.9794 

.9995 

.9794 

1.3S 

.7615 

3.3017 

134.07 

8.647 

4.8489 

149.88 

1.9567 

1.2242 

1.6014 

• 9698 

• 9992 

. 5697 

1.40 

.7395 

3.3310 

134.85 

8.671 

4.7913 

149.84 

2.1165 

1.2562 

1.6881 

• 9583 

• 9989 

. 5582 

1.45 

.7194 

3.3462 

135.53 

8.664 

4.7245 

149.78 

2.2821 

1.2886 

1.7744 

• 9449 

• 9986 

• 5448 

1.50 

.7009 

3.3482 

136.13 

8.628 

4.6494 

149.73 

2.4535 

1.3214 

1.8601 

.9299 

.9982 

• 5297 

1.55 

• 6839 

3.3382 

136.67 

8.565 

4.5663 

149.66 

2.6307 

1.3548 

1.9452 

• 9133 

.9977 

• 5131 

1.60 

.6683 

3.3171 

137.14 

8.477 

4.4764 

149.59 

2.8137 

1.3886 

2.0295 

.8953 

.9973 

• 0950 

1.65 

• 6537 

3.2862 

137.57 

8.368 

4.3801 

149.51 

3.0026 

1.4231 

2.1129 

• 8760 

• 9968 

• 8750 

1.70 

.6404 

3.2462 

137.95 

8.239 

4.2787 

149.43 

3.1973 

1.4581 

2.1952 

.8557 

• 9962 

. 8555 

1.75 

.6279 

3.1984 

138,28 

8.094 

4.1728 

149.35 

3.3977 

1.4939 

2.2765 

• 8346 

.9957 

• 0342 

1.80 

• 6164 

3.1437 

138.58 

7.933 

4. 0632 

149.26 

3.6040 

1.5303 

2.3566 

.8126 

.9951 

• 0123 

1.85 

• 6055 

3.0831 

138.85 

7.760 

3.9506 

149.17 

3.8162 

1.5674 

2.4354 

.7901 

• 9945 

• 7897 

1.90 

.5955 

3.0173 

139.08 

7.577 

3.8359 

149.08 

4.0342 

1.6053 

2.5130 

.7672 

.9939 

• 7668 

1.95 

• 5860 

2.9474 

139.29 

7.386 

3. 7198 

148.99 

4.2580 

1.6439 

2.5891 

• 7440 

• 9933 

.7435 

2.00 

.5772 

2.6740 

139.48 

7.187 

3.6029 

148.90 

4.4676 

1.6833 

2.6639 

• 7206 

.9927 

• 7201 

2.05 

• 5689 

2.7980 

139.65 

6.984 

3.4856 

148.81 

4.7232 

1.7235 

2.7373 

• 6971 

• 9920 

• 6966 

2.10 

• 5611 

2.7198 

139.80 

6.777 

3.3686 

148.71 

4.9645 

1.7645 

2.8092 

.6737 

• 9914 

• 6732 

2.15 

• 5538 

2.6402 

139.93 

6.568 

3.2525 

148.62 

5.2117 

1.8063 

2.8797 

• 6505 

• 9908 

• 6500 

2.20 

• 5469 

2.5596 

140.05 

6.358 

3.1375 

148.53 

5.4647 

1.8490 

2.9487 

• 6275 

• 9902 

• 6269 

2.25 

• 5404 

2.4786 

140.16 

6.148 

3.0240 

146.44 

5.7236 

1.8925 

3.0161 

• 6048 

• 9896 

• 6042 

2.30 

• 5342 

2.3976 

140.26 

5.939 

2.9123 

148.35 

5.9884 

1.9369 

3.0821 

• 5825 

• 9890 

• 5819 

2.35 

• 5285 

2.3169 

140.34 

5.733 

2.8029 

146.26 

6.2589 

1.9821 

3.1466 

• 5606 

• 9884 

• 5600 


LAST POINT AT SATURATION BOUNDARY 
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TABLE VII. REAL 

-GAS NORMAL-SHOCK 

SOLUTIONS FOR 

NITROGEN AT TTl * 

150 K 




C. PTl = 

5. ATM OTl = 

11.727 KGH/N3 

CONCLUDED, 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 













1UC.AL LIIA 1 Ur 

IIU uAj VALUt—— ■ 



1.00 

l.DOOO 

1.0000 

l.QOOQ 

l.QOOQ 

1.0000 

1.0000 

1.0000 

1.05 

.9997 

1.0000 

1. 0004 

1.0000 

1.0000 

1.0000 

l.QOOQ 

1.10 

.9995 

.9999 

1. 0008 

1.0000 

1.0000 

1.0000 

1.0000 

1.15 

.9995 

.9996 

i.QOlO 

.9998 

1.0000 

.9999 

1.0000 

1.20 

.9995 

.9993 

i.oaii 

.9996 

l.OOOQ 

.9998 

1«Q000 

1.25 

.9996 

.9990 

1.0012 

.9994 

1.0000 

.9997 

l.OOOQ 

1.30 

.9997 

.9988 

1.0013 

.9993 

1. 0000 

.9995 

1.0000 

1.35 

.9997 

.9985 

1.0013 

.9992 

1.0001 

.9992 

1.0000 

1.40 

.9997 

. 9904 

1.0012 

.9991 

1.0001 

.9989 

1.0080 

1.45 

.9997 

.9982 

1.0011 

.9990 

1.0001 

.9986 

.9999 

1.50 

.9997 

. 9980 

1.0009 

.9989 

l.flOOl 

.9982 

.9999 

1.55 

.9997 

.9979 

1.0007 

.9989 

1.0001 

.9977 

.9999 

1.60 

.9997 

.9978 

1.0005 

.9989 

1.0001 

.9973 

.9998 

1.65 

.9997 

.9977 

1.0002 

.9989 

1.0000 

.9968 

.9998 

1.70 

.9997 

.9976 

.9999 

.9989 

1.0000 

.9962 

.9997 

1.75 

.9997 

.9975 

. 9995 

.9989 

1.0000 

.9957 

• 9996 

1.60 

.9998 

.9974 

.9991 

.9989 

.9999 

.9951 

.9995 

1.85 

.9997 

.9974 

.9988 

.9989 

.9999 

.9945 

.9994 

1.9C 

.9997 

.9973 

.9983 

.9989 

.9998 

.9939 

.9992 

1.95 

.9997 

.9973 

.9979 

.9989 

.9997 

.9933 

.9991 

2.00 

.9998 

.9973 

.9975 

.9990 

.9996 

.9927 

.9989 

2.05 

.9997 

.9972 

.9971 

.9990 

.9994 

• 9920 

.9987 

2.1G 

.9997 

.9972 

.9966 

.9990 

.9993 

.9914 

.9985 

2.15 

.9997 

.9972 

.9962 

.9991 

.9991 

.9908 

.9983 

2.20 

.9997 

.9972 

.9958 

.9991 

.9990 

• 9902 

• 9981 

2.25 

.9998 

.9972 

.9953 

.9992 

.9988 

.9896 

.9979 

2.30 

.9997 

.9972 

.9949 

.9992 

.9986 

.9890 

• 9976 

2.35 

.9997 

.9972 

.9945 

.9993 

.9984 

.9884 

.9973 


LAST POINT AT SATURATION BOUNDARY 


VJl 

r\3 


TABLE VII. REAL-GAS NO=>MAL- SHOCK SOLUTIONS FOR NITROGEN AT TTl = 150 K 


0. PTl = B. ATM DTI = 19.120 KGM/M3 


Ml 

M2 

P2 

ATH 

T2 

K 

92 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT 2/OTl 

l.CO 

1.0000 

4.228? 

124.49 

12.141 

8. 0006 

153.00 

l.OOQO 

l.OOQO 

1.0000 

1.0001 

l.OOQO 

1. 0000 

1.05 

.9527 

4. ‘♦624 

126.47 

12.617 

7.9993 

150.00 

1.1195 

1.0335 

1.0840 

.9999 

l.OOQO 

. 5999 

1.10 

.9111 

4.6683 

128.17 

13.026 

7. 9917 

149.99 

1.2447 

1.0662 

1.1689 

.9990 

1.0000 

. 5989 

1.15 

.8745 

4.8444 

129.64 

13.366 

7.9740 

149.98 

1.3750 

1.0982 

1.2543 

.9968 

.9999 

• 5967 

1.20 

.8418 

4.9935 

13C.92 

13.643 

7.9431 

149.96 

1.5112 

1.1299 

1.3404 

.9929 

.9997 

• 5929 

1.25 

.8123 

5.1157 

132. 

13.857 

7. 8974 

149.92 

1.6532 

1.1615 

1.4269 

.9872 

.9995 

• 5871 

1.30 

.7856 

5.2117 

133.02 

14.010 

7. 8361 

149.87 

1.8010 

1.1932 

1.5136 

.9795 

.9991 

.5794 

1.35 

.7615 

5.2824 

133.88 

14.105 

7.7593 

149.81 

1.9545 

1.2249 

1.6003 

.9699 

.9987 

. 5698 

1.40 

.7394 

5.3293 

134.63 

14.145 

7.6672 

149.74 

2.1139 

1.2570 

1.6868 

.9584 

.9983 

. 5583 

1.45 

.7193 

5.3537 

135.29 

14.133 

7.5604 

149.66 

2.2791 

1.2893 

1.773Q 

.9451 

.9977 

.5449 

1.50 

.7008 

5.3570 

135.87 

14.07> 

7.4402 

149.56 

2.4501 

1.3220 

1.8586 

.93 00 

.9971 

. 5298 

1.55 

• 6838 

5.3411 

136.38 

13.970 

7.3374 

149.46 

2.6269 

1.3551 

1.9436 

.9134 

.9964 

. 5132 

1.60 

.6682 

5.3074 

136.82 

13.827 

7. 1635 

149.35 

2. 8094 

1.3888 

2.0278 

.8954 

.9956 

. 8951 

1.65 

.6537 

5.2579 

137.21 

13.648 

7.0395 

149.22 

2.9978 

1.4230 

2.1111 

.8762 

.9948 

. 8758 

1.70 

.6403 

5. 1940 

137.54 

13.437 

6. 8472 

149.10 

3.1920 

1.4577 

2.1934 

. 8559 

.9940 

.8555 

1.75 

.6278 

5.1174 

137.83 

13.199 

6.6775 

148.96 

3.3920 

1.4931 

2.2746 

.8347 

.9931 

. 8342 

1.80 

.6162 

5. 0299 

138. Q9 

12.937 

6.5018 

148.82 

3.5979 

1.5292 

2.3547 

.8127 

.9922 

. 8122 

1.85 

.6054 

4.9327 

138.31 

12.654 

6. 3216 

148.68 

3. 8095 

1.5659 

2.4335 

.7902 

.9912 

. 7097 

1.90 

.5954 

4.8274 

138.50 

12.355 

6.1379 

148.53 

4.0270 

1.6033 

2.5111 

.7672 

.9902 

. 7667 

1.95 

.5859 

4.7154 

138.66 

12.041 

5.9516 

148.39 

4.2504 

1.6415 

2.5873 

.7439 

.9892 

.7433 

2.00 

.5771 

4.5977 

138.80 

11.717 

5.7641 

148.24 

4.4795 

1.6803 

2.6621 

.7205 

.9882 

.7199 

2.05 

.5688 

4.4756 

138.91 

11.384 

5.5762 

148.09 

4-7146 

1.7200 

2.7356 

.6970 

.9872 

. 6963 

2.10 

.5610 

4.3503 

139.01 

11.046 

5.3886 

147.94 

4.9554 

1.7604 

2.8075 

.6736 

.9862 

• 6729 

2.15 

.5537 

4.2226 

139.09 

10.704 

5.2021 

147.79 

5.2022 

1.8017 

2. 8780 

.6503 

.9852 

. 6495 

2.20 

.5468 

4.3933 

139.16 

10.360 

5.C177 

147.64 

5.4548 

1.8437 

2.9471 

.6272 

.9843 

• 6264 


LAST POINT AT SATURATION BOUNDARY 





table VII. REAL 

-GAS NOPMAL-SHOCK 

SOLUTIONS FOR 

NITROGEN AT TTl 

= 150 K 




D. PTl = 

6. ATM DTI - 

19.120 KGM7M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 










i— 



iUt AL U i A 1 Uf 

l»Ao VALUt— 



1.00 

1. 0000 

l.OOQQ 

1. 0000 

1.0000 

i.QOOl 

1.0000 

1.0000 

1.05 

.9996 

l.GOQG 

1.0006 

1.0000 

1.0001 

1.0000 

1.0000 

1.10 

.9993 

.9997 

1.0011 

.9998 

1.0000 

1.0000 

1.0000 

1.15 

.9995 

.9991 

1.0014 

.9994 

1.0001 

.99B9 

1.0000 

1.20 

.9995 

.9986 

1.0017 

.9991 

I.QOOl 

.9997 

I.QOOl 

1.25 

.9996 

.9981 

1. 0016 

.9988 

1.0001 

.9995 

1.0001 

1.30 

.9996 

.9978 

1.0019 

.9966 

1.0001 

.9991 

1.0001 

1.35 

.9996 

.9971. 

1.0019 

.9984 

1.00C2 

.9987 

I.QOOl 

1.40 

.9996 

.9971 

1.0018 

.9983 

1.0002 

.9983 

1.0001 

1.45 

.9996 

.9969 

1.0016 

.9982 

1.0002 

.9977 

1.0000 

1.50 

.9996 

.9966 

1.0013 

.9981 

1.0003 

.9971 

1.0000 

1.55 

.9996 

.9964 

1.0010 

.9981 

1.0003 

.9964 

1.0000 

1.60 

.9996 

.9962 

1.0006 

.9980 

1.0003 

.9956 

.9999 

1.65 

.9996 

.9961 

l.QOQl 

.9980 

1.0002 

.9948 

.9998 

1.70 

.9996 

.9959 

.9996 

.9980 

1.0002 

.9940 

.9997 

1.75 

.9996 

.9958 

.9990 

.9980 

1.0002 

.9931 

.9996 

1.60 

‘ .9996 

.9957 

.9984 

.9981 

I.QOOl 

.9922 

.9994 

1.85 

.9996 

.9956 

.9978 

.9981 

1.0000 

.9912 

.9993 

1.90 

.9996 

.9955 

.9971 

.9982 

.9998 

.9902 

• 9991 

1.95 

.9995 

.9955 

.9965 

.9982 

.9997 

.9892 

.9988 

2.00 

.9996 

.9955 

.9958 

.9983 

.9995 

.9882 

.9986 

2.05 

.9996 

.9954 

.9950 

.9984 

.9993 

.9872 

• 9983 

2.10 

.9996 

.9954 

.9943 

.9984 

.9991 

.9862 

.9980 

2.15 

.9995 

.9954 

.9936 

.9985 

.9988 

.9852 

.9977 

2.20 

.9995 

.9954 

.9929 

.9986 

.9985 

.9843 

.9973 


LAST POINT AT SATURATION BOUNDARY 


TABLE VII. real-gas NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 150 K 


E. PTl = 10. ATM OTl = 24.212 KGM/M3 


HI 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT 2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TTI 

OT 2/OTl 

1.00 

1.0000 

5.2858 

124.37 

15.383 

1C.0015 

150.00 

1.0000 

l.OOCO 

1.0000 

1.0002 

1.0000 

1 ^ cool 

1.05 

.9526 

5.5790 

126.36 

15.987 

9.9999 

150.00 

1.1195 

1.0337 

1.0840 

1 . 0000 

1.0000 

1. 0000 

1.10 

.9111 

5.8353 

128.06 

16.503 

9.9905 

149.99 

1.2443 

1.0664 

1.1686 

.9991 

1.0000 

• «990 

1.15 

.8746 

6.0552 

129.53 

16.934 

9.9684 

149.98 

1.3744 

1.0985 

1.2539 

.9968 

.9998 

• 5966 

1.20 

• 6416 

6.2416 

130.81 

17.284 

9.9298 

149.95 

1.5104 

1.1303 

1.3399 

.9930 

.9996 

.5929 

1.25 

.8123 

6.3941 

131.93 

17.555 

9.8728 

149.90 

1.6521 

1.1619 

1.4262 

• 9873 

.9993 

• 5872 

1.30 

.7656 

6.5130 

132.90 

17.745 

9.7948 

149.84 

1.7997 

1.1936 

1.5128 

.9795 

.9969 

. 5794 

1.35 

.7614 

6.6016 

133.75 

17.865 

9.6988 

149.77 

1.9530 

1.2254 

1.5994 

.9699 

.9984 

• 56 96 

1.40 

.7394 

6.6603 

134.49 

17.916 

9.5838 

149.68 

2.1121 

1.2574 

1.6858 

.9584 

.9976 

• 5582 

1.45 

.7192 

6.6909 

135.14 

17.901 

9.4505 

149.57 

2.2770 

1.2896 

1.7719 

.9450 

.9971 

.5449 

1.50 

.7008 

6.6951 

135.70 

17. 825 

9.3003 

149.45 

2.4476 

1.3223 

1.8574 

• 9300 

.9964 

• 5298 

1.55 

• 6638 

6.6753 

136.18 

17.694 

9.1344 

149.32 

2.6241 

1.3553 

1.9423 

• 9134 

.9955 

• 5132 

1.60 

.6661 

6.6334 

136.60 

17.512 

8. 9543 

149.18 

2.8064 

1.3888 

2.0265 

.6954 

.9945 

• 8951 

1.G5 

• 6536 

6.5714 

136.97 

17.285 

8.7621 

149.03 

2.9944 

1.4228 

2.1097 

.8762 

.9935 

• 8758 

1.70 

.6402 

6.4917 

137.26 

17.019 

8.5588 

148.87 

3.1883 

1.4574 

2.1920 

.8559 

.9925 

• 8555 

1.75 

.6277 

6.3960 

137.54 

16.716 

8.3467 

148.70 

3.3880 

1.4925 

2.2732 

• 6347 

.9914 

• 8342 

1.60 

.6162 

6.2664 

137.76 

16.384 

8.1271 

148.53 

3.5934 

1.5283 

2.3533 

.6127 

.9902 

• 8122 

1.65 

• 6053 

6.1649 

137.95 

16.025 

7.9014 

146.35 

3.8046 

1.5648 

2.4322 

.7901 

• 9690 

• 7896 

1.90 

.5953 

6.0331 

138.11 

15.645 

7.6715 

148.17 

4.0220 

1.6019 

2.5097 

.7672 

.9678 

• 7665 

1.95 

.5859 

5.8928 

138.23 

15.247 

7.4386 

147.98 

4.2449 

1.6397 

2.5860 

.7439 

• 9665 

• 7432 

2.00 

.5770 

5.7456 

138.34 

14.835 

7.2037 

147.79 

4.4738 

1.6782 

2.6608 

.7204 

.9853 

• 7197 

2.05 

.5687 

5.5928 

138.42 

14.413 

6.9684 

147.60 

4.7085 

1.7175 

2.7343 

• 6966 

• 9840 

• 6961 

2.10 

.5610 

5.4359 

138.48 

13.983 

6.7337 

147.42 

4.9491 

1.7575 

2.8063 

• 6734 

• 9626 

• 6726 


LAST POINT AT SATURATION BOUNOART 



155 




TABL<“ VII. REAL- 

GAS normal-shock 

SOLUTIONS FOR 

NITROGEN AT TTl 

= 190 K 




E. PTl = 10 

. ATM OTl = 

24.212 KGM/H3 

CONCLUDED, 



Ml 

M? 

P2/P1 

T2/T1 

D2/D1 

PT2/PT1 

TT2/TT1 

0T2/0T1 






4TC flA^' WAI 










1 

1.00 

1. 0030 

l.OOGO 

1. GOOD 

1.0000 

1.0002 

1.0000 

1.0001 

1.05 

.9994 

1.0000 

1.0008 

1.0000 

1.0001 

1.0000 

1.0001 

1.10 

.999? 

.9994 

1. 0013 

.9996 

1.0001 

1.0000 

1.0001 

1.15 

.9995 

.9986 

1.G317 

.9991 

1.0002 

.9998 

1.0001 

l.?0 

.9995 

.9981 

1. 0020 

.9987 

1.0002 

.9996 

1.0001 

1.25 

.9996 

.9975 

1.0022 

.9984 

1.0002 

.9993 

1.0002 

l.TO 

.9996 

.9970 

1.0023 

.9981 

1.0001 

.9989 

1.0000 

1.35 

.9996 

.9966 

1.0023 

.9979 

1.0001 

.9984 

1.0000 

1.40 

.9996 

.9963 

1.0021 

.9977 

1.0002 

.9978 

1.0000 

1.45 

.9995 

• 9960 

1.0019 

.9976 

1.0002 

.9971 

1.0000 

1.50 

.9996 

.9956 

1. 3015 

.9975 

1.0003 

.9964 

1.0000 

1.55 

.9995 

.9954 

1.0011 

.9974 

1.0003 

.9955 

1.0000 

1.60 

.9995 

.9952 

1. 0006 

.9974 

1.0003 

.9945 

.9999 

1.65 

.9995 

• 9950 

1. 0 00 0 

.9974 

1.0003 

.9935 

.9998 

1.7C 

.9994 

.9948 

.9994 

.9974 

1.0002 

.9925 

.9997 

1.75 

.9995 

.9946 

. 9986 

.9974 

1.0001 

.9914 

.9996 

1.80 

.9995 

.9945 

.9979 

.9975 

l.OGOO 

.9902 

.9994 

1.85 

.9994 

. 9944 

.9971 

.9976 

.9999 

.9890 

.9992 

1.90 

.9994 

.9943 

.9962 

• 9976 

.9997 

.9878 

.9989 

1.95 

.9995 

.994? 

. 9954 

.9977 

.9995 

.9865 

.9987 

2.00 

.9994 

.9942 

.9945 

.9978 

.9993 

.9853 

.9983 

2.C5 

.9994 

.9941 

.9936 

.9979 

.9990 

.9840 

.9980 

2.10 

.9994 

.9941 

.9927 

.9980 

.9988 

.9828 

.9976 


LAST POINT AT SATURATION BOUNDARY 


o> 


I table VII. REAL-GAS NOPMAL-SHOCK SOLUTIONS POR NITROGEN AT TTl = 150 K 







F. PTl 

= 20. ATH 

DTI = 

51.941 KGM/H3 





_ 

HI 

H2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT 2/OTl 

s 



a.th 

K 

KGM/H3 

atm 

K 







- 

1.00 

1.000 0 

10.5639 

123.84 

33.124 

20.0007 

150.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1. 0000 

= 

1.05 

.9518 

11.1535 

125.87 

34.427 

19.9971 

150.00 

1.1193 

1.3343 

1.0836 

.9999 

l.OQOQ 

. 5999 


1.10 

.9110 

11.6539 

127.56 

35.509 

19. 9792 

149.98 

1.2421 

1.0672 

1.1667 

.9990 

.9999 

• 5990 

s 

1.15 

.8744 

12. 0914 

129. C3 

36.427 

19. 9355 

149.95 

1.3710 

1.0996 

1.2509 

• 9966 

.9997 

.5968 


i.eo 

.8416 

12.-*626 

13C.31 

37.174 

19. 8593 

149.89 

1.5056 

1.1317 

1.3359 

.9930 

.9993 

• 5929 


1.25 

.8120 

12.7678 

131 .41 

37.753 

19. 7467 

149.81 

1.6459 

1.1635 

1.4213 

.9873 

.9987 

• 5873 


1.30 

.7653 

13. ::*87 

132.35 

38.168 

19.5963 

149.69 

1.7919 

1.1952 

1.5070 

.9798 

.9979 

. 5798 


1.35 

.7610 

13.1876 

133.16 

38.427 

19.4065 

149.55 

1.9437 

1.2269 

1.5928 

.9703 

.9970 

. 5704 


1.40 

.7390 

13.3071 

133.84 

38.536 

19.1789 

149.37 

2.1011 

1.2586 

1.6784 

.95 89 

• 9958 

• 5590 


1.45 

.7188 

13.3707 

134.41 

38.506 

18,9148 

149.17 

2.2642 

1.29C5 

1.7638 

.9457 

.9944 

• 5458 


1.50 

.70C3 

13.3822 

134,88 

38.347 

16.6163 

148.94 

2.4331 

1.3226 

1.8488 

.9308 

.9929 

• 5309 


1.55 

.6832 

13.3454 

135.27 

38.068 

18.2870 

148.68 

2.6078 

1.3549 

1.9333 

.9143 

.9912 

• 5145 


1.60 

.6675 

13.2643 

135.58 

37.680 

17.9284 

148.40 

2.7882 

1.3876 

2.0172 

• 8964 

• 9893 

• 8966 

- 

1.65 

.6530 

13.1429 

135.81 

37.195 

17.5443 

148.10 

2.9745 

1.4207 

2.1002 

.8772 

.9873 

• 8774 


1.7C 

.6395 

12.9852 

135.99 

36.621 

17. 1381 

147.78 

3.1665 

1.4541 

2.1824 

• 8569 

.9852 

• 8571 

“ 

1.75 

.6271 

12.7950 

136.11 

35.970 

16.7135 

147.44 

3.3643 

1.4880 

2.2636 

.8357 

.9830 

• 8356 


LAST POINT AT SATURATION BOUNDARY 



TABLE VII. RFAL-GAS NOFMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 150 K 




F. PTl = 20. 

ATM OTl 

= 51.941 KGM/H3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/DT1 










i — — — — — — 


L A 1 i Vt 

lu xutnL uiAioniu 




l.CO 

l.CCCC 

1.0000 

l.OOQO 

1.0000 

l.OOOQ 

^1.0000 

1.0000 

1.05 

. 9987 

.9998 

1.0014 

.9996 

1.0000 

l.OOOQ 

l.OOOQ 

1.10 

.9992 

.9977 

1.0321 

.9979 

1.0000 

.9999 

1.0000 

1.15 

.9993 

.9962 

1.0028 

.9967 

1.0001 

.9997 

1.0001 

1.2C 

.9993 

.9949 

1. 0333 

.9958 

1.0002 

.9993 

1.0001 

1.25 

.9993 

.9937 

1.0036 

.9949 

1.0003 

.9987 

1.0002 

1.30 

.9992 

.992 8 

1.0036 

.9943 

1.0004 

.9979 

1.0005 

1.35 

.9991 

.9919 

1.0335 

.9938 

1.0006 

.9970 

1.0006 

1.40 

.9990 

.9911 

1.0331 

.9934 

i.QOoa 

.9958 

1.0008 

1.45 

.9989 

.9904 

1.0025 

.9931 

1.0010 

.9944 

1.0010 

1.50 

. 9988 

.9897 

1.0318 

.9929 

1.0011 

.9929 

1.0012 

1.55 

.9987 

.9892 

1.3008 

.9928 

1.0013 

.9912 

1.0014 

1.60 

. 9986 

.9887 

.9997 

.9928 

1.0014 

.9893 

1.0015 

1.65 

.9985 

.9883 

.9985 

.9929 

1.0014 

.9873 

1.0016 

1.70 

. 9984 

.9880 

.9971 

.9930 

1.0014 

.9852 

1.0016 

1.75 

. 9984 

.9077 

.9956 

.9932 

1.0013 

.9830 

1.0015 


LAST POINT AT SATURATION BOUNDARY 



TABLF VII. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl s 150 K 


G. PTl = 30. ATM OTl = 04.<.60 KGH/H3 


Ml 

H2 

P2 

ATM 

T2 

K 

02 

KGM/H3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

D2/01 

PT2/PTI 

TT2/TT1 

OT2/OT1 

1.00 

1.0000 

15.8033 

123.46 

54.228 

3C.0017 

150.00 

1.0000 

1.0800 

1.0000 

1.0001 

1.0000 

1. 0000 

1.05 

• 9518 

16.6762 

125.49 

56.321 

29.9964 

150.00 

1.1179 

1.0344 

1.0818 

.9999 

1.0000 

.5999 

1.10 

.9109 

17.4184 

127.16 

56.056 

29.9706 

149.98 

1.2390 

1.0674 

1.1632 

.9990 

• 9999 

.5990 

1.15 

.8742 

18.0692 

128.65 

59.534 

29.9067 

149.93 

1.3660 

1.0998 

1.2456 

.9969 

.9995 

.5969 

1.20 

.8412 

18.6252 

129.91 

60.743 

29.7966 

149.65 

1.4988 

1.1318 

1.3288 

.9932 

• 9990 

.5933 

1.25 

.8116 

19.0646 

130.99 

61.683 

29.6324 

149.73 

1.6371 

1.1635 

1.4125 

.9877 

• 9982 

.5879 

1.30 

.7647 

19.4506 

131.91 

62.365 

29.4136 

149.57 

1.7810 

1.1949 

1.4966 

.9805 

.9971 

.5608 

1.3S 

.7603 

19.7256 

132.67 

62.797 

29.1363 

149.36 

1.9306 

1.2262 

1.5808 

.9712 

.9957 

.5718 

1.40 

.7381 

19.9139 

133.30 

62.993 

28. 8041 

149.11 

2.0856 

1.2575 

1.6652 

• 9601 

• 9941 

.5609 

1.49 

.7178 

2C.9198 

133.80 

62.966 

28.4156 

148.82 

2.2467 

1.2688 

1.7495 

• 9472 

• 9921 

.5482 

i.sa 

.6992 

20.0477 

134*20 

62.728 

27.9^63 

148.49 

2.4132 

1.3201 

1.8335 

• 9325 

• 9899 

.5338 


LAST POINT AT SATURATION BOUNDARY 



TABLE VII. PPAU-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 150 K 




G. PTl = 30. 

ATM OTl 

S 84.460 KGM/M3 

CONCLUOeO. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0TI 

* 


( — — — 


— -RELATIVE 

TO 1U6AL DlATUnlb 

wAo VALUt**'" 



1.00 

l.OQOO 

1.0000 

1.3000 

1.0000 

l.OOCl 

1.0000 

1.0000 

1.05 

.9986 

.9985 

1.0015 

.9980 

l.OQOO 

1.0000 

1.0000 

I.IQ 

.9990 

.9952 

1.0023 

.9949 

1.0001 

.9999 

l.OQOi 

1.15 

.9991 

.9926 

1.0029 

.9925 

1.00C2 

.9995 

1.0002 

1.20 

.9989 

.99C- 

1.3034 

.9905 

1.0004 

.9990 

1.0005 

1.25 

.9987 

.9884 

1. 0035 

.9888 

1.0007 

.9982 

1.0009 

1.30 

. 9984 

.9867 

1.3034 

.9874 

l.QQll 

.9971 

1.0015 

1.35 

.9982 

.9852 

1.0030 

.9865 

1.0015 

.9957 

1.0021 

1.<»G 

.9979 

.9839 

1.0322 

.9855 

1.0020 

.9941 

1.0029 

1.45 

.9976 

.9827 

1.0012 

.9850 

1.0025 

.9921 

1.0036 

1.50 

.9973 

.9817 

.9999 

.9847 

1*0030 

.9899 

1.0043 


LAST POINT AT SATURATION BOUNDARY 


O 


TABLE VIII. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 175 K 


A. PTl = 1. ATM OTl = 1.958 KGM/H3 


HI 

H2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

1.00 

1.0000 

.5282 

145.76 

1.241 

1.0000 

175.00 

1.0000 

1.0000 

l.QQQO 

1.0000 

1.0000 

1.0000 

1.05 

.9531 

.5574 

148.03 

1.290 

.9999 

175.00 

1.1196 

1.0329 

1.0840 

.9999 

1.0000 

.9999 

1.10 

.9117 

.5831 

149.99 

1.332 

.9989 

175.00 

1.2450 

1.0651 

1.1690 

.9989 

1.0000 

.9989 

1.15 

.8749 

• 6 053 

151.70 

1.367 

.9967 

175.00 

1,3762 

1.0968 

1.2549 

.9967 

1.0000 

.9967 

1.20 

.8421 

• 6240 

153.20 

1.395 

.9928 

175.00 

1.5133 

1.1262 

1.3415 

.9928 

1.0000 

.9928 

1.25 

.8125 

• 6394 

154.53 

1.417 

.9871 

174.99 

1.6561 

1.1597 

1.4284 

• 9871 

1.0000 

• 9871 

1.30 

.7858 

.6514 

155.70 

1.433 

.9794 

174.99 

1,8049 

1.1912 

1.5154 

.9794 

.9999 

.9794 

1.35 

• 7616 

• 6603 

156.74 

1.443 

.9697 

174.98 

1,9594 

1.2230 

1.6025 

.9697 

.9999 

• 9697 

1.40 

.7395 

• 6662 

157.68 

1.447 

.9582 

174.97 

2.1198 

1.2550 

1.6893 

.9582 

.9999 

.9582 

1.45 

.7194 

• 6692 

158.51 

1 . 446 

• 9448 

174.97 

2.2859 

1.2876 

1.7757 

.9448 

.9998 

.9448 

1.50 

• 7010 

.6697 

159.26 

1.440 

.9293 

174.96 

2.4579 

1.3205 

1.8615 

.9298 

.9998 

.9298 

1.55 

• 6840 

.6677 

159.94 

1.430 

.9132 

174.95 

2.6357 

1.3541 

1.9467 

.9132 

.9997 

.9132 

1.60 

• 6683 

.6635 

160.55 

1.415 

. 8952 

174.94 

2.8193 

1.3682 

2.0311 

.8952 

.9996 

.8952 

1.65 

• 6539 

.6573 

161.11 

1.397 

.6760 

174.93 

3.0088 

1.4230 

2.1145 

• 8760 

.9996 

• 8760 

1.70 

• 6404 

.6493 

161.62 

1.376 

. 8558 

174.91 

3.2041 

1.4585 

2.1969 

• 6556 

.9995 

.8558 

1.75 

• 6280 

.6398 

162.08 

1.352 

• 8346 

174.90 

3.4052 

1.4947 

2.2782 

• 8346 

.9994 

• 6346 

1.80 

• 6164 

.6289 

162.50 

1.325 

.8127 

174.89 

3.6122 

1.5316 

2.3583 

.8127 

.9994 

• 8127 

1.85 

.6056 

.6166 

162.89 

1.296 

.7903 

174.87 

3.8250 

1.5693 

2.4372 

.7903 

.9993 

.7903 

1.90 

.5956 

.6037 

163.25 

1.266 

.7674 

174.66 

A. 0436 

1.6078 

2.5147 

.7674 

.9992 

.7674 

1.95 

• 5861 

.5898 

163.58 

1.234 

.7443 

174.85 

4.2681 

1.6471 

2.5909 

.7443 

.9991 

.7443 

2.00 

.5773 

.5751 

163.88 

1.201 

.7209 

174.83 

4.4964 

1.6872 

2.6656 

.7209 

.9990 

• 7209 

2.05 

• 5690 

.5600 

164.16 

1.167 

.6976 

174.82 

4.7345 

1.7282 

2.7390 

.6976 

• 9990 

.6976 

2.10 

.5612 

.5444 

164.42 

1.133 

.6743 

174*88 

4.9765 

1.7700 

2.8108 

.6743 

.9989 

.6743 

2.15 

.5539 

.5286 

164.66 

1.098 

.6511 

174.79 

5.2243 

1.8126 

2.8812 

.6511 

• 9988 

.6511 

2.20 

.5470 

.5125 

164.89 

1.064 

• 6282 

174.78 

5.4780 

1.8562 

2.9501 

• 6282 

.9987 

.6281 

2.25 

• 5405 

• 4964 

165.10 

1.029 

• 6056 

174.76 

5.7375 

1.9006 

3.0175 

.6056 

.9986 

• 6055 

2.30 

.5343 

.4802 

165.29 

.994 

.5833 

174.75 

6.0028 

1.9459 

3.0834 

. 5833 

.9986 

• 5833 

2.35 

.5286 

• 4642 

165.47 

.960 

.5615 

174.74 

6.2739 

1.9921 

3.1479 

.5615 

.9985 

.5615 

2.40 

.5231 

.4482 

165.64 

.926 

• 5402 

174.72 

6.5509 

2.0392 

3.2108 

• 5402 

• 9984 

• 5401 

2.45 

.5179 

.4325 

165.80 

.892 

.5193 

174.71 

6.8337 

2.0872 

3.2723 

• 5193 

.9983 

.5193 

,2.50 

.5130 

.4170 

165.95 

.85 9 

• 4990 

174.70 

7.1224 

2.1361 

3.3323 

.4990 

.9983 

.4990 

2.55 

.5083 

.4018 

166.09 

.827 

.4*^93 

174.69 

7.4169 

2.1859 

3.3908 

.4793 

.9982 

.4793 

2.60 

.5039 

.3869 

166.22 

.796 

.4601 

174.67 

7.7172 

2.2366 

3.4479 

• 4601 

.9981 

• 4601 

2.65 

.4996 

.3723 

166.34 

.765 

.4415 

174.66 

8.0234 

2.2883 

3.5036 

• 4415 

.9981 

• 4415 

2.70 

.4956 

.3581 

166.46 

.736 

.4236 

174.65 

8.3354 

2.3409 

3.5580 

• 4236 

.9980 

• 4235 

2.75 

.4918 

• 3443 

166.57 

.707 

.4062 

174.64 

8.6532 

2.3944 

3.6109 

• 40 62 

.9980 

• 4062 

2.80 

• 4881 

• 3308 

166.68 

.679 

.3894 

174.63 

8.9769 

2.4489 

3.6626 

.3894 

• 9979 

• 3694 

2.85 

.4847 

• 3178 

166.78 

.651 

.3732 

174.62 

9.3064 

2.5043 

3.7129 

.3732 

.9978 

.3732 

2*90 

.4814 

.3052 

166.87 

.625 

.3577 

174.61 

9.6417 

2.5607 

3.7619 

.3577 

.9978 

.3576 

2.95 

.4782 

.2930 

166.96 

.600 

.3427 

174.60 

9.9829 

2.6160 

3.8097 

.3427 

.9977 

• 3426 




TABLE VIII. REAL- 

GAS NORMAL-SHOCK 

SOLUTIONS FOR 

NITROGEN AT TTl 

* 175 K 




A. PTl = 1, 

ATM OTl = 1 

.958 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

DT2/0T1 






rr rAC uai 






— — KtLAIlTt lU 

1UC.AL JXAIUnj 

LU UAo VMLUt— “ 



1.00 

1.0000 

l.OOQO 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

1.0000 

1.0000 

1.0001 

1.0000 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

1.0000 

1.0001 

.9999 

1.0000 

1.0000 

1.0000 

1.15 

.9999 

1. 0000 

1.QQQ2 

.9999 

1.0000 

1.0000 

1.0000 

1.30 

.9999 

1.0000 

1.0002 

.9999 

1.0000 

1.0000 

l.OOQO 

1.25 

.9998 

1. 0000 

1.0002 

.9999 

1.0000 

l.OOQO 

1.0000 

1.30 

.9998 

.9999 

1.0003 

.9998 

l.OQOO 

.9999 

1.0000 

1.35 

.9998 

.9999 

1.0003 

.9998 

1.0000 

.9999 

1.0000 

1.4Q 

.9998 

.9999 

1.0003 

.9998 

1.0000 

.9999 

1.0000 

1.45 

.9997 

.9999 

1.0003 

.9998 

1.0000 

.9998 

1.0000 

1.50 

.9998 

.9998 

1.0003 

.9997 

1.0000 

.9998 

1.0000 

1.55 

.9998 

.9998 

1.0002 

.9997 

l.OOQO 

.9997 

1.0000 

1.60 

,9998 

.9998 

1.0002 

.9997 

l.OOQO 

.9996 

l.OQOO 

1.65 

.9998 

.9998 

1.0002 

.9997 

1.0000 

.9996 

1.0000 

1.70 

.9998 

.9997 

1.0001 

.9996 

1.0001 

.9995 

1.0000 

1.75 

.9998 

.9997 

1.0001 

.9996 

1.0001 

.9994 

1.0001 

1.80 

.9999 

.9997 

1.0000 

.9996 

1.0001 

.9994 

1.0001 

1.85 

.9999 

.9997 

1.0000 

.9996 

l.QOQl 

.9993 

1.0001 

1.90 

.9999 

.9997 

1.0000 

.9996 

1.0001 

.9992 

1.0001 

1.95 

.9999 

.9997 

.9999 

.9996 

l.QQOl 

.9991 

1.0001 

2.00 

.9999 

.9997 

.9998 

.9996 

l.QQOl 

• 9990 

1.0001 

2.05 

.9999 

.9997 

.9998 

.9996 

1.0001 

.9990 

1.0001 

2.10 

.9999 

.9996 

.9997 

.9996 

1.0001 

.9989 

l.OQQl 

2.15 

.9999 

.9996 

.9997 

.9996 

1.0001 

• 9988 

1.0001 

2.20 

.9998 

.9996 

.9996 

.9996 

1.0000 

.9987 

1.0000 

2.25 

.9998 

.9996 

.9996 

.9996 

l.OOQO 

• 9986 

1.0000 

2.30 

.9999 

.9996 

.9995 

.9996 

1.0000 

.9986 

1.0000 

2.35 

.9999 

.9996 

.9995 

.9997 

1.0000 

.9985 

l.OQOO 

2.40 

.9999 

.9996 

.9994 

.9997 

1.0000 

.9984 

1.0000 

2.45 

1.0000 

.9996 

.9994 

.9997 

1.0000 

.9983 

1.0000 

2.50 

1.0000 

.9996 

.9993 

.9997 

l.OQOO 

.9983 

l.OQOO 

2.55 

1.0000 

.9996 

.9993 

.9997 

1.0000 

.9982 

.9999 

2.60 

1.0000 

.9996 

.9992 

.9997 

.9999 

.9981 

.9999 

2.65 

1.0000 

.9997 

.9992 

.9997 

.9999 

.9981 

.9999 

2.70 

l.OQOO 

.9997 

.9992 

.9997 

.9999 

.9980 

.9999 

2.75 

1.0000 

.9997 

.9991 

.9997 

• 9999 

.9980 

.9998 

2.80 

1.0000 

.9997 

.9991 

.9997 

• 9998 

.9979 

.9998 

2.85 

.9999 

.9997 

• 9990 

.9997 

• 9998 

.9978 

• 9998 

2.90 

.9999 

.9997 

• 9990 

.9997 

.9998 

.9978 

.9997 

2.95 

.9999 

.9997 

.9998 

.9998 

• 9997 

.9977 

.9997 
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TABLE VIII. REAL-GAS NORMAL* 


B. PTl = 3. ATM 


HI 

H2 

P2 

T2 

02 

PT2 



ATM 

K 

KGM/M3 

ATM 

1.00 

1.0000 

1.5845 

145.64 

3.752 

3.0002 

1.05 

.9530 

1.6719 

147.91 

3.899 

2.9998 

1«1Q 

.9116 

1.7491 

149.88 

4.025 

2.9970 

1.15 

.8748 

1.8158 

151.60 

4.132 

2.9903 

1*20 

.8418 

1.8722 

153.10 

4.218 

2.9786 

1.25 

.8123 

1.9181 

154.42 

4.284 

2.9614 

1.30 

.7857 

1.9541 

155.59 

4.332 

2.9384 

1.35 

.7615 

1.9807 

156.62 

4.362 

2.9095 

1.40 

.7395 

1.9983 

157.54 

4.374 

2.8750 

1.45 

.7194 

2.0075 

158.37 

4.371 

2.8350 

1.50 

.7009 

2.0088 

159.11 

4.353 

2.7899 

1.55 

• 6839 

2.0029 

159.77 

4.321 

2.7402 

1.60 

• 6683 

1.9903 

160.37 

4.277 

2. 6863 

1.65 

.6538 

1.9718 

160.91 

4.223 

2.6287 

1.70 

.6404 

1.9480 

161.40 

H. 158 

2.5680 

1.75 

• 6280 

1.9194 

161.84 

4.085 

2.5045 

1.80 

• 6164 

1.8867 

162.24 

4.005 

2.4388 

1.85 

• 6056 

1.8505 

162.61 

3.918 

2.3715 

1.90 

.5955 

1.8112 

162.94 

3.826 

2.3029 

1.95 

.5861 

1.7694 

163.24 

3.730 

2.2334 

2.00 

.5773 

1.7255 

163.52 

3.630 

2.1634 

2.05 

.5690 

1.6800 

163.78 

3.528 

2.0932 

2.10 

.5612 

1.6333 

164.02 

3.424 

2.0232 

2.15 

.5539 

1.5857 

164.23 

3.319 

1.9537 

2.20 

.5470 

1.5376 

164.43 

3.214 

1.8849 

2.25 

.5405 

1.4891 

164.61 

3.108 

1.8170 

2.30 

.5344 

1.4407 

164.78 

3.004 

1. 7502 

2.35 

.5286 

1.3924 

164.94 

2.900 

1.6847 

2.40 

.5231 

1.3446 

165.09 

2.797 

1.6205 

2.45 

.5179 

1.2973 

165.22 

2.696 

1. 5579 

2.50 

.5130 

1.2508 

165.35 

2.596 

1.4970 

2.55 

.5083 

1.2050 

165.47 

2.499 

1.4376 

2.60 

.5038 

1.1603 

165.58 

2.404 

1.3801 

2.65 

.4996 

1 . 1 1 65 

165.68 

2.312 

1.3243 

2.70 

.4956 

1.0739 

165.78 

2.222 

1.2703 

2.75 

.4918 

1.0323 

165.87 

2.134 

1.2181 

2.80 

.4861 

.9920 

165.96 

2.049 

1.1677 

2.85 

.4846 

.9529 

166.04 

1.967 

1.1191 

2.90 

.4813 

.9151 

166.11 

1.888 

1.0724 

2.95 

.4781 

.8784 

166.19 

1.811 

1.0273 


K SOLUTIONS FOR NITROGEN AT TTl = 175 K 


OTl = 5.915 KGM/M3 


TT2 

K 

P2/PI 

T2/T1 

02/01 

PT2/PT1 

TT7/TT1 

OT2/DT1 

175.00 

1.0000 

1.0000 

1.0000 

1.0001 

l.QOQO 

1.0000 

175.00 

1.1196 

1.0330 

1.0639 

• 9999 

1.0000 

.9999 

175.00 

1.2450 

1.0653 

1.1689 

.9990 

1.0000 

.9989 

174.99 

1.3762 

1.0971 

1.2547 

• 9966 

l.OOQQ 

• 9967 

174.99 

1.5132 

1.1287 

1.3412 

• 9929 

• 9999 

• 9928 

174.98 

1.6558 

1.1601 

1.4279 

.9871 

.9999 

.9871 

174.96 

1.8043 

1.1917 

1.5146 

.9795 

.9998 

.9795 

174.95 

1.9586 

1.2235 

1.6017 

• 9698 

.9997 

• 9698 

174.93 

2.1187 

1.2555 

1.6883 

• 9583 

• 9996 

• 9583 

174.90 

2.2847 

1.2880 

1.7746 

• 9450 

.9994 

.9450 

174.87 

2.4565 

1.3210 

1.8603 

• 9300 

.9993 

• 9300 

174.84 

2.6341 

1.3545 

1.9454 

• 9134 

.9991 

• 9134 

174.81 

2.8175 

1.3886 

2.0297 

• 8954 

.9989 

.8954 

174.78 

3.0068 

1.4233 

2.1130 

• 8762 

.9987 

• 8762 

174.74 

3.2019 

1.4587 

2.1953 

• 8560 

• 9985 

• 8560 

174.70 

3.4028 

1.4947 

2.2766 

.8346 

.9963 

.8346 

174.66 

3.6096 

1.5315 

2.3566 

• 8129 

.9981 

• 8129 

174.62 

3.8222 

1.5691 

2.4354 

.7905 

.9978 

.7905 

174.58 

4.0406 

1.6074 

2.5129 

• 7676 

.9976 

.7676 

174.54 

4.2648 

1.6465 

2.5890 

.7445 

.9974 

.7444 

174.50 

4.4949 

1.6864 

2.6636 

.7211 

.9971 

• 7211 

174.46 

4.7308 

1.7271 

2.7371 

• 6977 

• 9969 

.6977 

174.41 

4.9726 

1.7687 

2.8089 

.6744 

• 9966 

• 6744 

174.37 

5.2202 

1.6112 

2.8793 

• 6512 

• 9964 

• 6512 

174.33 

5.4736 

1.8545 

2.9482 

.6283 

• 9962 

• 6282 

174.29 

5.7329 

1.8966 

3.0157 

• 6057 

• 9959 

• 6056 

174.25 

5.9980 

1.9437 

3.0816 

• 5834 

.9957 

.5834 

174.21 

6.2689 

1.9896 

3.1460 

• 5616 

.9955 

• 5615 

174.17 

6.5457 

2.0364 

3.2090 

• 5402 

.9953 

• 5401 

174.13 

6.8284 

2.0842 

3.2705 

.5193 

.9950 

• 5193 

174.10 

7.1168 

2.1328 

3.3305 

• 4990 

• 9948 

• 4969 

174.06 

7.4112 

2.1823 

3.3891 

• 4792 

.9946 

.4792 

174.02 

7.7113 

2.2328 

3.4463 

.4600 

• 9944 

• 4600 

173.99 

8.0173 

2.2842 

3.5020 

• 4414 

.9942 

• 4414 

173.96 

9.3292 

2.3365 

3.5564 

• 4234 

.9940 

• 4234 

173.93 

8.6468 

2.3898 

3.6094 

• 4060 

.9939 

• 4060 

173.90 

8.9704 

2.4439 

3.6611 

• 3892 

.9937 

• 3892 

173.87 

9.2997 

2.4990 

3.7114 

• 3730 

.9935 

• 3730 

173.84 

9.6349 

2.5551 

3.7605 

.3575 

.9934 

.3574 

173.81 

9.9760 

2.6121 

3.8083 

• 3424 

.9932 

• 3424 





TABLE VIII. REAL- 

GAS normal-shock 

SOLUTIONS FOR 

nitrogen at TTl 

= 175 K 




0. PTl = 3. 

ATM OTl = 

5.915 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/ai 

PT2/PT1 

TT2/TT1 

DT2/OT1 












— -- KtLW 1 IVt 1 U 

lubAL JlAiunj 

Lv wAo VAuUt *—* 



1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0001 

r .8000 

1.0000 

1.05 

.9999 

1.0000 

1. 0002 

.9999 

1.0001 

1.0000 

l.OQOO 

1.10 

.9998 

1.0000 

1. 0004 

.9998 

1.0001 

1.0000 

l.OODO 

1.15 

.9997 

.9999 

1.Q005 

.9998 

1.0001 

i.OOOO 

1.0000 

i.eo 

.9996 

.9999 

1.J1006 

.9997 

1.0001 

.9999 

1.0000 

1.25 

.9996 

.9997 

1.0007 

.9995 

1.0001 

.9999 

l.OQOl 

1.30 

.9997 

.9996 

1.0007 

.9994 

1.0001 

.9998 

1.0001 

1.35 

.9997 

.9995 

1. 0007 

.9993 

l.OQOl 

.9997 

1.0001 

1.40 

.9996 

.9994 

1.0007 

.9992 

1.0002 

• 9996 

l.OQOl 

1.45 

.9998 

.9993 

1. 0006 

.9991 

1.0002 

.9994 

1.0002 

1.50 

.9997 

.9993 

1.0006 

.9991 

1.0002 

.9993 

1.0002 

1.55 

.9996 

.9992 

1.0005 

.9990 

1.QQQ2 

.9991 

1.Q002 

1.60 

.9996 

.9991 

1.0004 

.9990 

1.0003 

• 9969 

1.0002 

1.65 

.9996 

.9991 

1.0003 

.9989 

1.0003 

.9987 

1.QQQ3 

1.70 

.9998 

.9990 

1.0002 

.9989 

1.0003 

.9985 

1.0003 

1.75 

.9999 

.9990 

1.0001 

.9989 

1.0003 

.9983 

1.0003 

l.BO 

.9998 

.9990 

1. 6000 

.9989 

1.0003 

.9961 

1.0003 

1.65 

.9998 

.9989 

.9998 

.9989 

1.0003 

.9978 

1.0003 

1.90 

.9998 

.9989 

.9997 

.9989 

1.0003 

.9976 

1.0003 

1.95 

.9999 

. 9989 

.9995 

.9989 

1.0003 

.9974 

1.0003 

2.00 

.9999 

.9989 

.9993 

.9989 

1.0003 

.9971 

1.0003 

2.05 

.9999 

.9988 

.9992 

.9989 

1.0003 

• 9969 

1.0003 

2.10 

.9998 

.9988 

.9990 

.9989 

1.0003 

.9966 

1.0002 

2.15 

.9998 

.9986 

.9989 

.9990 

1.0003 

• 9964 

1.0002 

2.20 

.9999 

.9988 

.9987 

.9990 

1.0002 

• 9962 

1.0002 

2.25 

.9999 

.9988 

.9985 

.9990 

1.0002 

.9959 

1.0001 

2.30 

.9999 

.9988 

. 9984 

.9990 

1.0QQ2 

.9957 

1.0001 

2.35 

.9999 

.9988 

.9982 

.9991 

l.OQOl 

.9955 

1.0001 

2.40 

.9999 

.9988 

• 9981 

.9991 

1.0001 

.9953 

1.0000 

2.45 

.9999 

.9988 

.9979 

.9991 

1.0000 

.9950 

.9999 

2.50 

.9999 

.9989 

.9978 

.9992 

.9999 

• 9946 

.9999 

2.55 

.9999 

.9989 

.9977 

.9992 

.9999 

• 9946 

• 9996 

2.60 

.9999 

.9989 

.9975 

.9992 

.9998 

.9944 

• 9997 

2.65 

.9999 

.9989 

.9974 

.9992 

.9997 

.9942 

.9996 

2.70 

.9999 

. 9989 

.9973 

.9993 

.9996 

• 9940 

.9995 

2.75 

.9999 

.9989 

.9972 

.9993 

.9995 

.9939 

.9994 

2.80 

.9999 

.9989 

.9970 

.9993 

.9994 

.9937 

.9993 

2.65 

.9998 

.9989 

.9969 

.9993 

.9993 

• 9935 

.9992 

2.90 

.9998 

.9990 

• 9968 

.9994 

.9992 

• 9934 

.9991 

2.95 

.9998 

.9990 

.9967 

.9994 

.9991 

.9932 

• 9990 


o^ 


TABLE VIII* real-gas NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 175 K 


C* PTl = 5. ATM OTl = 9.930 KGM/H3 


Ml 

M2 

P2 

T2 

D2 

PT2 

TT2 

F2/PI 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 



ATM 

K 

KGM/M3 

ATM 

K 







i.QO 

l.QOOO 

2.6405 

145.52 

6.303 

5.0009 

175.00 

1.0000 

1.0000 

l.QOOO 

1.0002 

1.0000 

1.0002 

1*05 

.9530 

2.7864 

147.80 

6.549 

5.QQ02 

175.00 

1.1196 

1.0332 

1.0838 

1.0000 

1.0000 

1.0000 

1*10 

.9114 

2.9145 

149.78 

6.760 

4.9946 

173.00 

1.2449 

1.0655 

1.1688 

.9989 

l.OQOO 

.9989 

1.15 

.8746 

3.0257 

151.50 

6.938 

4.9833 

174.99 

1.3760 

1.0974 

1.2545 

.9967 

• 9999 

.9967 

1.20 

.8418 

3.1191 

152.99 

7.082 

4.9640 

174.98 

1.5127 

1.1290 

1.3406 

• 9928 

.9999 

.9928 

1.25 

.8124 

3.1956 

154.31 

7.194 

4.9354 

174.96 

1.6552 

1.1605 

1.4272 

.9871 

.9998 

.9871 

1.30 

.7857 

3.2557 

155.47 

7.273 

4.8971 

174.94 

1.8035 

1.1921 

1.5140 

.9794 

• 9996 

.9794 

1.35 

.7615 

3.3001 

156.50 

7.323 

4.3491 

174.91 

1.9577 

1.2239 

1.6007 

• 9698 

.9995 

.9698 

1.40 

.7395 

3.3295 

157.42 

7.344 

4.7916 

174.88 

2.1176 

1.2560 

1.6872 

.9583 

• 9993 

.9583 

1.45 

.7194 

3.3448 

158.23 

7.338 

4.7250 

174.84 

2.2834 

1.2885 

1.7734 

.9450 

.9991 

.9450 

1.50 

.7009 

3.3470 

158.96 

7.308 

4.6500 

174.79 

2.4549 

1.3214 

1.8590 

.9300 

.9988 

.9300 

1.55 

.6839 

3.3373 

159.61 

7.255 

4.5671 

174.74 

2.6324 

1.3549 

1.9440 

.9134 

.9985 

.9134 

1*60 

.6683 

3.3164 

160.19 

7.182 

4.4773 

174.69 

2.8156 

1.3869 

2.0281 

. 8955 

.9982 

.8955 

1.65 

.6538 

3.2857 

160.71 

7.090 

4.3814 

174.63 

3.0046 

1.4235 

2.1114 

.8763 

.9979 

.8763 

1.70 

.6404 

3.2460 

161.17 

6.981 

4.2802 

174.57 

3.1995 

1.4587 

2.1936 

. 8560 

.99 75 

• 8560 

1.75 

.6280 

3.1985 

161.60 

6.859 

4.1745 

174.51 

3.4002 

1.4947 

2.2748 

. 8349 

.9972 

.8349 

i.ao 

.6164 

3.1441 

161 .98 

6.7?4 

4.0651 

174.44 

3.6067 

1.5313 

2.3548 

.8130 

.9968 

.8130 

1.85 

.6056 

3.0837 

162.32 

6.578 

3.9529 

174.37 

3.8191 

1.5667 

2.4335 

. 7906 

.9964 

.7906 

1.90 

.5955 

3.0183 

162.63 

6.42 4 

3.8385 

174.30 

4.0373 

1.6069 

2.5110 

. 7677 

.9960 

.7677 

1.95 

.5861 

2.9487 

162.91 

6.262 

3.7225 

174.23 

4.2613 

1.6458 

2.5871 

.7445 

.9956 

.7445 

2.00 

.5772 

2.8756 

163.17 

6.095 

3.6058 

174.16 

4.4912 

1.6855 

2.6618 

.7212 

.9952 

.7211 

2.05 

.5690 

2.7998 

1 63 . 40 

5.924 

3.4889 

174.09 

4.7269 

1.7260 

2.7351 

.6978 

.9948 

.6978 

2.10 

.5612 

2.7219 

163.61 

5.749 

3.3722 

174.02 

4.9684 

1.7674 

2.8070 

.6744 

.9944 

.6744 

2.15 

.5539 

2.6425 

163.80 

5.573 

3.2563 

173.95 

5.2158 

1.8096 

2.8773 

.6513 

.9940 

.6512 

2.20 

.5469 

2.5623 

163.98 

5.396 

3.1414 

173.88 

5.4690 

1.8527 

2.9463 

.6283 

.9936 

.6283 

2.25 

.5404 

2.4815 

164.13 

5.218 

3.0282 

173.82 

5.7281 

1.8966 

3.0137 

. 6056 

.9932 

• 6056 

2.30 

.5343 

2.4007 

164.28 

5.042 

2. 9168 

173.75 

5.9930 

1.9414 

3.0797 

. 5834 

.9928 

.5833 

2.35 

.5285 

2.3202 

164.41 

4.867 

2.8075 

173.68 

6.2637 

1.9870 

3.1441 

.5615 

.9925 

.5615 

2.40 

.5231 

2.2404 

164.53 

4.694 

2. 7005 

173.62 

6.5403 

2.0336 

3.2071 

• 5401 

.9921 

.5401 

2.45 

.5179 

2.1616 

164.65 

4.525 

2.5961 

173.55 

6.8227 

2.0810 

3.2687 

.5192 

.9917 

.5192 

2.50 

.5129 

2.0839 

1 64 . 75 

4.358 

2 • 4944 

173.49 

7.1110 

2.1294 

3.3287 

.4989 

.9914 

.4988 

2.55 

.5083 

2.0076 

164.85 

4.194 

2.3954 

173.43 

7.4052 

2.1787 

3.3874 

.4791 

.9910 

.4791 

2.60 

.5038 

1.9329 

164.94 

4.035 

2.2994 

173.37 

7.7052 

2.2288 

3.4446 

.45 99 

.9907 

.4598 

2.65 

.4996 

1.8600 

165.02 

3.879 

2.2063 

173.32 

8.0110 

2.2799 

3.5004 

• 4413 

.9904 

.4412 

2.70 

.4956 

1.T888 

165.10 

3.728 

2.1162 

173.26 

8.3227 

2.3320 

3.5548 

.4232 

.9901 

.4232 

2.75 

.4917 

1.7196 

165.17 

3.581 

2.0291 

173.21 

8.6402 

2.3849 

3.6076 

• 4056 

.9898 

.4058 

2.80 

.4881 

1.6523 

165.23 

3.438 

1.9450 

173.16 

8.9636 

2.4368 

3.6596 

.3890 . 

.9895 

• 3890 

2.85 

.4847 

1.5871 

165.29 

3.300 

1.8641 

173.11 

9.2929 

2.4936 

3.7100 

.3728 

.9892 

.3728 

2*90 

.4813 

1.5239 

165.35 

3.167 

1.7861 

173.06 

9.6260 

2.5493 

3.7592 

.3572 

• 9889 

.3572 


LAST POINT AT SATURATION BOUNDARY 



175 K 


TABLE VIII, REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 
C. PTl = 5. ATM OTl = 9.930 KGM/M3 CONCLUDED. 


Ml 

M2 

P2/P1 

T27T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

















1.00 

1.0000 

l.QOOO 

1.0000 

l.OQOO 

1.0002 

l.OOOQ 

1^0002 

1.05 

.9998 

1.0000 

1.0003 

.9999 

1.0002 

1.0000 

1^0002 

1.10 

.9996 

1.0000 

1.0006 

.9997 

l.OOOQ 

1.0000 

l^OOOO 

1.15 

.9995 

.9998 

1.0008 

.9996 

1.0000 

.9999 

1.0000 

1.20 

.9996 

.9996 

1.0009 

.9993 

l.OQOO 

.9999 

l.QOOO 

1.25 

.9996 

.9994 

1.0010 

.9991 

1.0000 

.9998 

l.OOOQ 

1.30 

.9997 

.999? 

1.0011 

.9989 

l.OOOQ 

.9996 

1.0000 

1.35 

.9997 

.9990 

1.0011 

.9987 

1.0001 

.9995 

1.0001 

1.40 

.9997 

.9989 

1.0011 

.9986 

1.0001 

.9993 

1.0001 

1.45 

.9996 

.9968 

1. 0010 

.9985 

1.0002 

.9991 

1.0002 

1.50 

.9998 

,9966 

1.0009 

.9984 

1.0002 

.9988 

1.0QD2 

1.55 

.9997 

.9986 

1.0006 

.9983 

1.0002 

.9985 

1.0002 

1.60 

.9 996 

.9985 

1.0007 

.998? 

1.0003 

.9982 

1.0003 

1.65 

.9998 

.9984 

1.0005 

.9982 

1.0003 

.9979 

1.0003 

1.70 

.9998 

.9983 

1. 0003 

.9981 

1.0004 

.9975 

1.0004 

1.75 

.9998 

.998? 

i.nool 

.9981 

1.0004 

.9972 

1.0004 

1.60 

.9998 

.9982 

.9998 

.9981 

1.0004 

• 9968 

1.0004 

1.85 

.9998 

.9981 

.9996 

.9981 

1.0004 

.9964 

1.0004 

1.90 

.9999 

. 9981 

.9993 

.9981 

1.0004 

.9960 

1.0004 

1.95 

.9998 

.9981 

.9991 

.998? 

1.0004 

.9956 

1.0004 

2.00 

.9998 

.9980 

.9988 

.9982 

1.0004 

.9952 

1.0004 

2.05 

.9998 

.9980 

.9986 

.9982 

1.0004 

.9948 

1.0004 

2.10 

.9999 

.9980 

. 9983 

.9982 

1.0004 

.9944 

1.0003 

2.15 

.9999 

.9980 

.9980 

.9983 

1.0003 

.9940 

1.0003 

2.20 

.9998 

.9980 

.9978 

.9983 

1.0002 

.9936 

1.0002 

2.25 

.9998 

.9980 

.9975 

.9984 

1.0002 

.9932 

1.0001 

2.30 

.9998 

.9980 

.9972 

.9984 

1.0001 

.9928 

1.0001 

2.35 

.9999 

.9980 

.9970 

.9985 

l.OOOQ 

.9925 

1.0000 

2.40 

.9999 

.9980 

.9967 

.9985 

.9999 

.9921 

.9999 

2.45 

.9999 

.9980 

.9965 

.9986 

.9998 

.9917 

.9998 

2.50 

.9999 

.9980 

.9962 

.998 6 

.9997 

.9914 

.9997 

2.55 

.9999 

.9981 

.9960 

.9987 

.9996 

.9910 

.9995 

2.60 

.9999 

.9981 

.9958 

.9987 

.9994 

.9907 

• 9994 

2.65 

.9999 

.9981 

.9955 

.9988 

.9993 

• 9904 

• 9992 

2.70 

.9998 

.9981 

.9953 

.9968 

.9991 

.9901 

.9991 

2.75 

.9998 

.9982 

.9951 

.9989 

.9990 

.9898 

• 9989 

2.80 

.9998 

.9982 

.9950 

.9989 

.9988 

• 9895 

.9987 

2.85 

.9999 

.9982 

.9948 

.9990 

.9987 

• 9892 

• 9986 

2.90 

.9999 

.9982 

.9946 

.9990 

.9985 

• 9889 

• 9985 


LAST POINT AT SATURATION BOUNDARY 




table VIII. REAL-GAS MORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 175 K 


0. PTl = 6. ATN OTl = 16.V61 KGH/M3 


Ml 

H2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/TI 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0TI 



ATM 

K 

KGM/M3 

ATH 

K 







1.00 

1.0000 

4.2226 

145.34 

10.200 

8^0002 

175.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

• 9528 

4.4562 

147.63 

10.599 

7.9990 

175.00 

1.1196 

1.0333 

1.0637 

.9999 

1.0000 

• 9999 

1.10 

.9112 

4.6623 

149.62 

10.942 

7.9914 

174.99 

1.2449 

1.0659 

1.1605 

.9989 

1.0000 

.9989 

1.15 

.8745 

4.8391 

151.33 

11.229 

7. 9736 

174.98 

1.3756 

1.0979 

1.2539 

.9967 

.9999 

.9967 

1.20 

.8418 

4.9883 

152.83 

11.461 

7.9427 

174.97 

1.5120 

1.1295 

1.3398 

.9928 

.9996 

.9928 

1.25 

• 8123 

5.1106 

154.15 

11.641 

7. 8971 

174.94 

1.654? 

1.1611 

1.4262 

.9871 

.9997 

.9871 

1.30 

.7857 

5.2068 

155.30 

11.770 

7. 8361 

174.90 

1.8023 

1.1928 

1.5127 

.9795 

.9994 

.9795 

1.35 

.7615 

5.2780 

156.32 

11.850 

7. 7594 

174.66 

1.9562 

1.2246 

1.5992 

.9699 

.9992 

.9699 

1.40 

.7395 

5.3252 

157.23 

11.884 

7.6676 

174.80 

2,1159 

1.2567 

1.6855 

.9585 

.9989 

.9585 

1.45 

.7193 

5.3500 

158.02 

11.876 

7.5612 

174.74 

2.2514 

1.2891 

1.7715 

• 9452 

.9985 

.9452 

1.50 

.7009 

5.3538 

158.73 

11.827 

7.4414 

174.67 

2.4526 

1.3220 

1.8569 

.9302 

.9981 

• 9302 

1.55 

.6839 

5.3383 

159.36 

11.741 

7.3092 

174.59 

2.6297 

1.3554 

1.9417 

.9136 

.9977 

.9137 

1.60 

.6683 

5.3054 

159.92 

11.622 

7.1656 

174.50 

2.8127 

1.3893 

2.0257 

.8957 

.9972 

.8957 

1.65 

.6538 

5.2564 

160 .41 

11.474 

7.0124 

174.41 

3. 0014 

1.4237 

2.1088 

.8765 

.9966 

• 8766 

1.70 

.6404 

5.1933 

160.85 

11.299 

6. 8504 

174.32 

3.1959 

1.4588 

2.1910 

• 8563 

.9961 

• 8563 

1.75 

.6279 

5.1174 

161.24 

11,100 

e.6814 

174.22 

3.3963 

1.4946 

2.2720 

.8352 

.9955 

.8352 

1.80 

• 6164 

5.0305 

161.59 

10.882 

6.5065 

174.11 

3.6024 

1.5310 

2.3519 

.8133 

.9949 

.8133 

1.85 

.6055 

4.9341 

161.90 

10.647 

6.3268 

174.00 

3.8145 

1.5682 

2.43Q6 

.7908 

.9943 

.7909 

1.90 

.5955 

4.82 95 

162.17 

10.397 

0.1438 

173.89 

4.0323 

1.6060 

2.5080 

.7680 

.9937 

• 7680 

1.95 

.5861 

4.7181 

162.42 

10.135 

5.9583 

173.78 

4.2560 

1.6447 

2.5840 

.7448 

.9930 

.7448 

2.00 

.5772 

4.6012 

162.64 

9.865 

5.7715 

173.67 

<♦.4855 

1.6841 

2.6587 

.7214 

.9924 

.7215 

2.05 

.5689 

4.4800 

162.83 

9.587 

5.5840 

173.56 

4.7209 

1.7243 

2.7320 

• 6980 

.9918 

.6980 

2.10 

.5611 

4.3553 

163.00 

9.304 

5.3972 

173.44 

4.9621 

1.7653 

2.8039 

.6746 

.9911 

.6747 

2.15 

.5538 

4.2283 

163.16 

9.019 

5.2115 

173.33 

5.2091 

1.8072 

2.8743 

• 6514 

.9905 

.6515 

2.20 

.5469 

4.0997 

163.29 

8.731 

5.0276 

173.22 

5.4620 

1.8499 

2.9432 

.6285 

• 9896 

• 6285 

2.25 

• 5404 

3.9703 

163.42 

8.444 

4.8462 

173.11 

5.7207 

1.8934 

3.0107 

.6058 

.9892 

• 6058 

2.30 

.5343 

3.8409 

163.53 

8.158 

4.6675 

173.00 

5.9853 

1.9378 

3,0767 

.5834 

• 9886 

.5835 

2.35 

.5285 

3.7120 

1&3.62 

7.875 

4.49^3 

172.89 

6,2558 

1.9831 

3.1412 

.5615 

.9880 

.5616 

2.40 

.5230 

3.5842 

163.71 

7.595 

4.3210 

172.79 

6.5321 

2.0292 

3.2043 

.5401 

.9874 

• 5402 

2.45 

.5178 

3.4578 

163.79 

7.319 

4. 1536 

172.69 

6.8142 

2.0762 

3.2659 

.5192 

• 9868 

.5192 

2.50 

.5129 

3.3334 

163.86 

7.049 

3.9905 

172.59 

7.1022 

2.1242 

3.3260 

.4986 

.98 62 

.4989 

2.55 

.5082 

3.2112 

163.92 

6.78i» 

3.8319 

172.49 

7.3961 

2.1730 

3.3847 

.4790 

.9857 

.4790 

2.60 

.5038 

3.0915 

163.97 

6.525 

3. 6*^80 

172.40 

7.6958 

2.2227 

3.4420 

.4597 

.9851 

.4598 

?.65 

.4995 

2.9745 

164.02 

6.273 

3.5287 

172.31 

8.0014 

2.2734 

3.4979 

• 4411 

.9846 

• 4411 

2.70 

.4955 

2.8604 

164.07 

6.028 

3.3843 

172.22 

8.3128 

2.3249 

3.5524 

• 4230 

• 9841 

• 4231 

2.75 

.4917 

2.7495 

164.11 

5.790 

3.2446 

172.13 

8.6302 

2.3774 

3.6056 

• 4056 

• 9836 

• 4056 


LAST POINT AT SATURATION BOUNDARY 





TABLE VIII. REAL- 

GAS NORH^L-SHOCK 

SOLUTIONS FOR 

NITRUGEN AT TTl = 

175 K 




0. PTl = 8. 

ATM on = 16 

.061 KGM/M3 

CONCLUDED. 



HI 

H2 

P2/P1 

T27T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 





rncAi nrftTnifi 

rftc %f*i 






•— -KtLfl 1 i¥t 1 W 

lucAi. uiniunj 




1*00 

1.0000 

1.0000 

i.QOOQ 

i.QOOQ 

1.0000 

1.0000 

1.0000 

1.05 

.9997 

1.0000 

1.0005 

.9998 

1.0000 

1.0000 

l.OQOO 

I.IQ 

.9994 

.9999 

1.0009 

.9995 

I.QOOQ 

l.OOOQ 

1.0000 

1.15 

.9995 

.9995 

1.0012 

.9991 

1.0000 

.9999 

1.0000 

1.20 

.9995 

.9991 

1.QQ14 

.9987 

l.OOQO 

.9998 

1.0000 

1.25 

.9996 

.9986 

1.0015 

.9983 

l.rQ0ei 

.9997 

1.0001 

1.30 

.9997 

.9985 

1.0016 

.9980 

1.0001 

.9994 

1.0001 

1.35 

,9 997 

.9983 

1.0016 

.9978 

1.0002 

.9992 

1.0002 

1.40 

.9997 

.9981 

1.0016 

.9975 

1.0003 

.9989 

1.0003 

1.45 

.9997 

.9979 

1.0015 

.9974 

1.0003 

.9985 

1.0003 

1.50 

.9997 

.9977 

1.0014 

.9972 

1.0004 

.9981 

1.0004 

1.55 

.9998 

.9975 

1.0012 

.9971 

1.0005 

.9977 

1.0005 

1.60 

.9997 

.9974 

1.0009 

.9970 

1.0006 

.9972 

1.0006 

1.65 

.9998 

.9973 

1.0006 

.9970 

1.0006 

.9966 

1.0007 

1.70 

.9997 

.9972 

t.QQ03 

.9969 

1.0007 

.9961 

1.0007 

1.75 

.9997 

.9971 

I.QOOQ 

.9969 

1.0007 

.9955 

1.0008 

1.60 

.9998 

.9970 

.9996 

.9969 

1.0008 

.9949 

1.0008 

1.65 

.9997 

.9969 

.9992 

.9969 

1.0008 

.9943 

1.0008 

1.90 

.9997 

.9969 

.9988 

.9969 

1.0008 

.9937 

1.0008 

1.95 

.9998 

.9968 

.9984 

.9970 

1.0008 

.9930 

1.0008 

2.00 

.9998 

.9968 

.9980 

.9970 

1.0008 

• 9924 

1.0008 

2.05 

.9997 

.9968 

.9975 

.9971 

1.0007 

.9918 

1.0008 

2.10 

.9997 

.9967 

.9971 

.9971 

1.0007 

.9911 

1.0007 

2.15 

.9998 

.9967 

.9967 

.9972 

1.0006 

.9905 

1.0006 

2.20 

.9998 

• 9967 

• 9962 

.9973 

1.0005 

.9898 

1.0006 

2.25 

.9998 

.9967 

.9958 

.9974 

1.0004 

• 9892 

1.0005 

2.30 

.9997 

.9967 

.9954 

.9975 

1.0002 

• 9866 

1.0003 

2.35 

.9998 

.9967 

• 9950 

.9975 

1.0001 

.9860 

1.0002 

2.40 

.9998 

.9968 

.9945 

.9976 

1.0000 

.9674 

1.0000 

2.45 

.9998 

.9968 

.9941 

.9977 

• 9998 

.9866 

.9999 

2.50 

.9998 

.9968 

.9938 

.9978 

.9996 

.9862 

.9997 

2.55 

.9998 

.9968 

.9934 

.9979 

.9994 

.9857 

.9995 

2.60 

.9998 

.9969 

.9930 

• 9980 

.9992 

• 9651 

.9993 

2.65 

.9998 

.9969 

.9927 

.9981 

• 9989 

• 9846 

• 9990 

2.70 

.9997 

.9969 

.9923 

.9981 

.9987 

.9841 

.9968 

2.75 

.9998 

.9970 

.9920 

.9982 

.9965 

• 9636 

• 9985 


LAST POINT AT SATURATION BOUNDARY 
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TABLE VlII. REAL-GAS NORMAL-SHOCK SOLUTtONS FOR NITROGEN AT TTl = 175 K 


E, T»T1 = 10 • ATM OTl = 20 .224 KGN/M3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/PI 

T2/T1 

D2/D1 

PT2/PT1 

TT2/TT1 

DT2/OTI 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

5.2769 

145.22 

12.851 

10.0005 

175.00 

l.flOOQ 

1.0000 

l.QOQO 

1.0000 

1.0000 

1.0000 

1.05 

.9528 

5.5691 

147.52 

13.353 

9.9989 

175.00 

1.1196 

1.0335 

1.0837 

.9999 

1.0000 

• 9999 

1.10 

.9111 

5.8266 

149.52 

13.786 

9.9894 

174.99 

1.2448 

1.0661 

1.1683 

.9989 

1.0000 

• 9989 

1.15 

.8746 

6.0467 

151.23 

14.145 

9.9674 

174.98 

1.3752 

1.0981 

1.2534 

.9967 

.9999 

• 9967 

1.20 

.8418 

6.2332 

152.73 

14.437 

9.9288 

174.96 

1.5115 

1.1298 

1.3392 

• 9929 

.9998 

• 9929 

1.25 

• 6123 

6.3862 

154.04 

14.664 

9.8719 

174.92 

1.6536 

1.1615 

1.4254 

.9872 

.9996 

.9872 

1.30 

.7857 

6.5065 

155.19 

14.826 

9. 7958 

174.58 

1.8015 

1.1932 

1.5117 

.9796 

.9993 

.9796 

1.35 

.7615 

6.5956 

156.21 

14.927 

9. 7002 

174.82 

1.9552 

1.2250 

1.5981 

.97 00 

.9990 

.9700 

1.40 

.7395 

6.6547 

157.10 

14.970 

9.5856 

174.76 

2.1146 

1.2571 

1.6843 

• 95 86 

• 9986 

• 9586 

1.45 

.7193 

6.6860 

157.89 

14.959 

9.4529 

174.66 

2.2800 

1.2895 

1.7701 

.9453 

• 9982 

.9453 

1.50 

.7009 

6.6910 

158.58 

14.898 

9.3033 

174.59 

2.4510 

1.3223 

1.8554 

• 9303 

.9976 

• 9303 

1.55 

.6839 

6.6720 

159.20 

14.790 

9. 1380 

174.49 

2.6279 

1.3556 

1.94D1 

.9138 

.9971 

• 9138 

1.60 

.6683 

6.6309 

159.74 

14.641 

8.9590 

174.38 

2.8106 

1.3895 

2.0240 

.8959 

• 9965 

.8959 

1.65 

.6537 

6.5701 

160.22 

14.454 

8.7674 

174.27 

2.9991 

1.4238 

2.1070 

.8767 

.9958 

• 8768 

1.70 

• 6404 

6.4912 

160.63 

14.234 

8.5653 

174.15 

3.1934 

1.4588 

2.1890 

.8565 

.9951 

.8566 

1.75 

.6279 

6.3967 

161.01 

13.984 

8.3539 

174.02 

3.3936 

1.4944 

2.2700 

.8354 

• 9944 

• 8354 

1.80 

• 6163 

6.2833 

161.33 

13.709 

8.1354 

173.89 

3.5995 

1.5307 

2.3499 

• 8135 

.9937 

.8137 

1.85 

.6055 

6.1678 

161.62 

13.413 

7. 9110 

173.76 

3.8112 

1.5677 

2.4285 

.7911 

.9929 

.7912 

1.90 

.5954 

6.0373 

161.87 

13.098 

7.6819 

173.62 

4.0289 

1.6054 

2.5059 

.7682 

.9921 

.7683 

1.95 

• 5860 

5.8982 

162.09 

12.769 

7.4501 

173.48 

4.2523 

1.6438 

2.5819 

• 7450 

.9913 

.7452 

2.00 

.5772 

5.7521 

162.29 

12.428 

7.2165 

173.34 

4.4816 

1.6831 

2.6566 

.7216 

• 9905 

• 7218 

2.05 

.5689 

5.6005 

162.45 

12.078 

6.9823 

173.20 

4.7167 

1.7230 

2.7299 

• 6982 

.9897 

• 6984 

2.10 

.5611 

5.4448 

162.60 

11.722 

6.7483 

173.06 

4.9577 

1.7639 

2.8017 

• 6748 

• 9889 

• 6749 

2.15 

.5536 

5.2859 

162.73 

11.361 

6.5160 

172.92 

5.2045 

1.8055 

2.8722 

• 6516 

• 9881 

.6517 

2.20 

.5469 

5.1251 

162.84 

10.999 

6.2860 

172.78 

5.4571 

1.8479 

2.9411 

.6286 

.9873 

• 6287 

2.25 

• 5404 

4.9633 

162.94 

10.637 

6.0589 

172.64 

5.7156 

1.8912 

3.0087 

• 6059 

• 9865 

• 6060 

2.30 

• 5343 

4.8013 

163.02 

10.277 

5.8355 

172.51 

5.9800 

1.9353 

3.0747 

• 5836 

.9857 

.5837 

2.35 

.5285 

4.6401 

163.10 

9.920 

5.6163 

172.37 

6.2503 

1.9803 

3.1393 

• 5616 

• 9850 

.5617 

2.40 

• 5230 

4.4801 

163.16 

9.566 

5.4017 

172.24 

6.5264 

■ 2.0262 

3.2024 

• 5402 

• 9842 

• 5403 

2.45 

.5178 

4.3220 

163.21 

9.219 

5.1922 

172.11 

6. 8083 

2.0729 

3.2640 

.5192 

• 9835 

• 5193 

2.50 

.5129 

4.1662 

163.26 

8.878 

4.9881 

171.99 

7.0961 

2.1205 

3.3242 

.4988 

.9828 

.4989 

2.55 

.5082 

4.0133 

163.30 

8. 5<*4 

4.7896 

171.87 

7.3898 

2.1691 

3.3830 

.4790 

• 9821 

.4791 

2.60 

.5037 

3.8635 

163.33 

8.217 

4.5969 

171.^5 

7.6894 

2.2185 

3.4403 

.4597 

• 9814 

• 4598 

2.65 

.4995 

3.7171 

163.36 

7.899 

4.4101 

171.63 

7.9948 

2.2688 

3.4963 

• 4410 

• 9808 

• 4411 
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TABLE VIII. real- 

GAS normal-shock 

SOLUTIONS FOR 

NITROGEN AT TTl 

* 175 K 




E. PTl = 10. 

ATM DTI = 20 

.224 KGM/M3 

CONCLUDED. 



HI 

M2 

P2/P1 

T2/T1 

02701 

PT2/PTI 

TT2/TTI 

0T2/0T1 





IDEAL DIATOM] 

rr' fiAc \iAi nr... 




1 ------ 


-•-KtLft 1 iV t 1 U 




1.00 

1.0000 

1.0000 

1.0000 

1.0000 

l.QQOO 

1.0000 

1.0000 

i.OS 

.9996 

1.0000 

1.0006 

.9997 

1.0000 

1.0000 

1.0000 

1.10 

.9993 

. 9998 

1.0011 

.9994 

1.0000 

l.QOQQ 

1.0000 

1.15 

.9995 

.999? 

1.0014 

.9987 

1.0000 

.9999 

l.QQOO 

1.20 

.9996 

.9988 

1.0016 

.9982 

l.QOOl 

.9998 

l.OOOi 

1.25 

.9996 

.9984 

1.0016 

.9978 

l.OOQl 

.9996 

l.OOQl 

1.30 

.9997 

• 9980 

1.0019 

.9974 

1.0002 

.9993 

1.0002 

1.35 

.9996 

.9978 

1.0020 

.9971 

1.0003 

.9990 

1.0003 

1.40 

.9997 

.9975 

1.0019 

,9968 

1.0004 

.9986 

1.0004 

1.45 

.9997 

.9972 

1.0018 

.9966 

1.0005 

.9982 

1.0005 

1.50 

.9997 

.9970 

1.0016 

.996^ 

1.0006 

.9976 

1.0006 

1.55 

.9997 

.9968 

1.0014 

.9961 

1.0007 

.9971 

1.0007 

1.60 

.9997 

.9967 

1.0011 

.9962 

1.0008 

.9965 

1.0008 

1.65 

.9997 

.9965 

1.0007 

,9961 

1.0009 

.9958 

1.0009 

1.70 

.9997 

.9964 

1.0003 

.9960 

1.0009 

.9951 

1.0010 

1.75 

.9997 

.9963 

. 9999 

.9960 

1.0010 

.9944 

1.0011 

1.80 

.9997 

• 996? 

.9994 

.9960 

1.0011 

.9937 

1.0012 

1.85 

.9997 

.9961 

. 9989 

.9961 

1.0011 

.9929 

1.0013 

1.90 

.9996 

.9960 

. 9984 

.9961 

1.0011 

.9921 

1.0013 

1.95 

.9997 

.9960 

.9979 

.9962 

1.0011 

.9913 

1.0013 

2.00 

.9997 

.9959 

. 9974 

.9962 

1.0011 

.9905 

1.0013 

2.05 

.9997 

. 9959 

.9968 

.9963 

1.0010 

.9897 

1.0013 

2.10 

.9996 

.9959 

.9963 

.9964 

1.0009 

.9889 

l.QOll 

2.15 

.9997 

. 9958 

.9957 

.9965 

1.0008 

.9881 

1.0010 

2.20 

.9997 

.9958 

.9952 

.9966 

1.0007 

.9873 

1.Q0Q9 

2.25 

.9997 

.9958 

.9946 

.9967 

1.0006 

.9665 

1.0008 

2.30 

.9998 

.9958 

.9941 

.9968 

1.0004 

.9857 

1.0006 

2.35 

.9998 

.9959 

.9936 

.9969 

1.0003 

• 9850 

1.0005 

2.40 

.9997 

.9959 

.9931 

.9970 

1.0000 

• 9842 

1.0003 

2.45 

.9997 

.9959 

.9926 

.9971 

.9998 

.9835 

1.0000 

2.50 

.9998 

.9959 

.9921 

.9973 

.9996 

• 9828 

.9998 

2.55 

.9998 

.9960 

.9916 

.9974 

.9993 

• 9821 

.9996 

2.60 

.9997 

.9960 

.9911 

.9975 

.9991 

• 9614 

.9993 

2.65 

.9997 

.9961 

.9907 

.9976 

.9967 

• 9808 

.9990 
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TABLE VIII. REAL-CAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = ITS K 


F. PTl = 20. ATM OTl = 41.990 KGH/H3 


Ml 

H2 

P2 

T2 

D2 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0TI 



ATM 

K 

KGM/M3 

atm 

K 







1*00 

1.0000 

10.5333 

144.67 

26.770 

20.0008 

175.00 

1.0000 

l.QOOQ 

1.0000 

1.0000 

1.0000 

1.0000 

1«05 

.9523 

11.1197 

147.01 

27.614 

19.9974 

175.00 

1.1195 

1.0340 

1.0832 

.9999 

1.0000 

• 9999 

1.10 

.9111 

11.6259 

148.99 

28.696 

19.9791 

174.99 

1.2435 

1.0669 

1.1665 

• 9990 

.9999 

.9989 

1.15 

.8745 

12.0647 

150 . 72 

29.438 

19.9356 

174.96 

1.3731 

1.0992 

1.2506 

• 9968 

.9998 

• 9966 

1.20 

.6417 

12.4371 

152.22 

30.042 

19.8596 

174.92 

1.5086 

1.1312 

1.3354 

.9930 

.9995 

.9930 

1.25 

• 8122 

12.7433 

153.52 

30.510 

19.7474 

174.85 

1.6496 

1.1630 

1.4206 

.9874 

• 9992 

.9674 

1.30 

.7655 

12.9651 

154.66 

30.647 

19.5970 

174.77 

1.7967 

1.1948 

1.5060 

.9799 

.9987 

• 9799 

1.35 

.7613 

13.1650 

155.64 

31.058 

19.4086 

174.66 

1.9493 

1.2267 

1.5914 

.9704 

.9981 

.9706 

1.40 

.7393 

13.2860 

156.50 

31.150 

19.1820 

174.53 

2.1076 

1.2587 

1.6767 

.95 91 

.9973 

• 9594 

1.45 

.7191 

13.3514 

157.24 

31.130 

16.9193 

174.38 

2.2720 

1.2910 

1.7617 

• 9460 

.9965 

• 9463 

1.50 

.7006 

13.3650 

157.87 

31.007 

18.6227 

174.21 

2.4419 

1.3235 

1.8463 

.9311 

• 9955 

.9315 

1.55 

.6836 

13.3306 

156.42 

30.788 

18.2949 

174.02 

2.6176 

1.3565 

1.9303 

.9147 

.9944 

• 9152 

1.60 

.6679 

13.2522 

158.68 

30.483 

17.9389 

173.61 

2.7991 

1.3899 

2.0136 

• 6969 

.9932 

.8975 

1.65 

♦ 6535 

13.1335 

159.28 

30.099 

17.5564 

173.59 

2.9664 

1.4237 

2.0961 

.8779 

.9919 

• 67 66 

1.70 

• 6400 

12.9793 

159.60 

29.645 

17.1557 

173.35 

3,1795 

1.4581 

2.1776 

.8578 

.9906 

• 6585 

1.75 

.6276 

12.7929 

159.67 

29.130 

16.7349 

173.11 

3.3783 

1.4930 

2.2584 

.8367 

.9892 

• 8376 

1.60 

.6160 

12.5786 

160.10 

28.561 

16.2964 

172.85 

3.5831 

1.5285 

2.3380 

• 6149 

.9877 

• 8156 

1.65 

• 6052 

12.3401 

160.27 

27.947 

15.8501 

172.58 

3.7935 

1.5647 

2.4164 

.7925 

.9862 

.7935 

1.90 

.5952 

12.0806 

160.41 

27.294 

15.3926 

172.31 

4.0099 

1.6014 

2.4937 

.7696 

• 9846 

• 7706 

1.95 

.5657 

11.8036 

160.51 

26.610 

14.9281 

172.03 

4.2321 

1.6389 

2.5697 

.7464 

.9831 

.7475 

2.00 

.5769 

11.5125 

160.58 

25.900 

14.4601 

171.75 

4*4601 

1.6770 

2.6444 

.7230 

.9814 

.7241 

2.05 

.5666 

11.2096 

160.63 

25.172 

13.9899 

171.47 

4.6940 

1.7159 

2.7176 

.6995 

.9798 

• 7006 

2.10 

.5608 

10.6961 

160.65 

24.429 

13.5210 

171.19 

4.9336 

1.7555 

2.7898 

• 6760 

• 9782 

.6772 

2.15 

.5535 

10.5799 

160.65 

23.677 

13.0545 

170.90 

5.1794 

1.7958 

2.8604 

.6527 

.9766 

• 6539 

2.20 

.5466 

10.2576 

160.63 

22.921 

12.5921 

170.62 

5.4309 

1.8369 

2.9296 

• 6296 

.9750 

• 6306 

2.25 

• 3401 

9.9330 

160.61 

22.163 

12.1351 

170.34 

5.6863 

1.8769 

2.9974 

. 6066 

.9734 

.6079 

2.30 

.5340 

9.6079 

160.56 

21.409 

11.6858 

170.06 

5.9515 

1.9216 

3.0637 

• 5643 

.9718 

• 5654 

2.35 

.5262 

9.2836 

160.51 

20.661 

11.2446 

169.79 

6.2206 

1.9651 

3.1286 

• 5622 

.9702 

• 5634 
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TABLE VIII 


REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl 


175 K 


F. PTl = 20* ATM OTl = i»1.990 KGM7M3 CONCLUOEO* 


Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 




ATTuc rn 

TncAi nTATnuTr 

CAC UAI 




1 — 







l.QO 

1.0000 

1.0000 

1.0000 

1.0000 

l.OQQQ 

l.QOOO 

1.0000 

1.05 

.9991 

. 9999 

1.0011 

.9993 

1.0000 

1.0000 

1.0000 

1.10 

.9993 

• 9986 

1.0018 

.9978 

l.QOOO 

.9999 

l.QOOO 

1.15 

.9994 

.9977 

1.0024 

.9965 

1.0001 

• 9996 

1.0001 

1.20 

.9994 

.9969 

1.0028 

.9954 

1.0002 

.9995 

1.0002 

1.25 

.9995 

.9961 

1.0031 

.9944 

1.0003 

.9992 

1.0004 

1.30 

.9995 

.9954 

1.0033 

.9936 

1.0005 

.9967 

1.0005 

1.35 

.9995 

.9946 

1.0033 

.9929 

1.0007 

.9961 

1.0009 

1.40 

.9994 

.9942 

1.0032 

.992 4 

1.0009 

.9973 

1.0012 

1.45 

.9994 

.9937 

1.0029 

.9919 

1.0012 

.9965 

1.0015 

l.SO 

.9994 

.9933 

1.0025 

.9915 

1.0015 

.9955 

1.0019 

1.55 

.9993 

.9929 

1.0020 

.9913 

1.0017 

.9944 

1.0022 

1.60 

.9993 

.9926 

1.0014 

.9911 

1.0020 

.9932 

1.0026 

1.65 

.9993 

.992 3 

1.0007 

.9910 

1.0022 

.9919 

1.0030 

1.70 

.9992 

.9920 

.9999 

.990 9 

1.0024 

.9906 

1.0033 

1.75 

.9993 

.9916 

.9990 

.9909 

1.0026 

.9692 

1.0036 

1.60 

.9992 

.9916 

.9960 

.9910 

1.0026 

.9677 

1.0036 

1.85 

.9992 

.9914 

.9970 

.9911 

1.0029 

.9662 

1.0041 

1.90 

.9992 

.9913 

.9960 

.9913 

1.0030 

.9646 

1.0043 

1.95 

.9992 

.9912 

.9949 

.9914 

1.0030 

.9831 

1.0044 

2.00 

.9992 

.9911 

.9936 

.9917 

1.0030 

• 9614 

1.0045 

2.05 

.9991 

.9911 

.9927 

.9919 

1.0028 

• 9796 

1.0044 

2.10 

.9992 

.9910 

.9915 ^ 

.9921 

1.0027 

.9762 

1.00 44 

2.15 

.9992 

.9910 

• 9904 

.9924 

1.0026 

• 9766 

1.0043 

2.20 

.9992 

.9910 

• 9693 

.9927 

1.0023 

.9750 

1.00 42 

2.25 

.9992 

.9911 

.9662 

• 993 0 

1.0020 

• 9734 

1.0039 

2.30 

.9992 

.9911 

• 9870 

.9932 

1.0017 

• 9716 

1.0037 

2.35 

.9992 

.9911 

• 9860 

.9935 

1.0013 

• 9702 

1.0033 
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TABLE VIII. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 175 K 


G. PTl = 30. ATM OTl * 65.45S KGH/N3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TTI 

OT2/OT1 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

15.7515 

144.18 

41.922 

30.0009 

175.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9518 

16.6305 

146.56 

43.547 

29.9955 

175.00 

1.1192 

1.0344 

1.0823 

.9999 

l.QQOO 

.9999 

1.10 

.9110 

17.3774 

148,53 

44.896 

29.9691 

174.98 

1.2418 

1.0673 

1.1640 

.9990 

.9999 

• 9990 

1.15 

.8744 

18.0327 

150.25 

46.043 

29.9049 

174.95 

1.3705 

1.0998 

1.2468 

.9968 

.9997 

• 9969 

l.?0 

.8416 

18.5901 

151.75 

46.979 

29.7931 

174.89 

1.5049 

1.1319 

1.3302 

.9931 

.9993 

• 9932 

1.25 

.6120 

19. 0506 

153.05 

*♦7.707 

29.6290 

174.80 

1.6450 

1.1639 

1.4141 

.9876 

• 9988 

.9878 

1.30 

.7853 

19.4168 

154.17 

48.235 

29.4078 

174.67 

1.7908 

1.1957 

1.4982 

• 9803 

• 9981 

• 9806 

1.35 

.7610 

19.6919 

155.13 

48.570 

29.1295 

174.52 

1.9423 

1.2275 

1.5824 

.9710 

.9972 

.9715 

1.40 

.7389 

19.8793 

155.95 

48.722 

28.7964 

174.33 

2.0995 

1.2593 

1.6666 

.9599 

• 9962 

• 9606 

1.45 

.7187 

19.9845 

156.65 

48.701 

28.4087 

174.12 

2.2623 

1.2914 

1.7505 

.9470 

.9950 

.9479 

1.50 

.^002 

20.0127 

157.23 

48.521 

27. 9703 

173.87 

2.4309 

1.3236 

1*8341 

.9323 

• 9936 

.9335 

1.55 

.6832 

19.9692 

157.71 

48.193 

27.4849 

173.60 

2.6053 

1.3562 

1.9173 

.9162 

.9920 

.9176 

1.60 

.6675 

19.8600 

153.11 

h7.730 

26.9570 

173.30 

2.7854 

1.3891 

1.9999 

.8986 

• 9903 

• 9002 

1.65 

.6530 

19.6906 

158.42 

47.145 

26.3909 

172.98 

2.9713 

1.4223 

2.0818 

.8797 

.9885 

• 8816 

1*70 

. 6396 

19.4667 

158.66 

46.450 

25.7923 

172.64 

3.1629 

1.4560 

2.1629 

.8597 

• 9865 

• 8618 

1.75 

.6271 

19.1947 

158. 

45.658 

25.1645 

172.28 

3.3604 

1.4902 

2.2432 

• 8388 

• 9844 

• 8411 

1.60 

.6155 

18.8799 

158.96 

44.781 

24.5134 

171.90 

3.5637 

1.5249 

2.3226 

.8171 

• 9823 

• 8197 

1.85 

.6047 

18.5274 

159.03 

43.831 

23. 8432 

171.51 

3.7728 

1.5600 

2.4009 

.7948 

• 9801 

.7975 

1.90 

.5946 

18.1431 

159.06 

42.819 

23.1573 

171.11 

3.9878 

1.5956 

2.4782 

.7719 

.9778 

• 7748 

1.95 

.5852 

17.7312 

159.04 

41.755 

22.4615 

170.70 

4.2086 

1.6322 

2.5543 

.74 87 

.9754 

• 7518 

2.00 

.5764 

17.2969 

158.99 

40.650 

21.7587 

170. 

4.435? 

1.6691 

2.6291 

.7253 

.9730 

.7285 

2.05 

.5681 

16.8446 

158.92 

39.512 

21.0519 

169.66 

4.6678 

1.7068 

2.7028 

• 7017 

.9706 

• 7050 

2*10 

.5603 

16.3778 

158.81 

38.350 

20.3459 

169.43 

4.9061 

1.7451 

2.7751 

• 6782 

• 9682 

• 6815 

2.15 

• 5530 

15.9007 

158.69 

37.172 

19.6424 

169.00 

5.1504 

1.7841 

2.8461 

• 6547 

.9657 

• 6581 


LAST POINT AT SATURATION BOUNOARV 



TABLE VIII. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 175 K 


G. PTl = 30. ATM DTI = 65.458 KGM/M5 CONCLUDED. 


Ml 

M2 

P27P1 

T27T1 

02701 

PT2/PT1 

TT2/TT1 

0T2/0T1 





rncAi fiTATriMTr 








iUcAL uiAiunxu 

wAo VALUt — " 



1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9986 

.9997 

1.0015 

.9984 

l.OQOQ 

1.0000 

1.0000 

1.10 

.9992 

.997^^ 

1.0022 

.9956 

1.0000 

.9999 

1.0001 

1.15 

.9993 

. 995 8 

1. 0030 

.9934 

l.QQQl 

.9997 

1.0002 

1.20 

.9993 

.9944 

1.0035 

.9915 

1.0003 

.9993 

1.0004 

1.25 

.9992 

.9932 

1.0039 

.9899 

1.0006 

• 9980 

1.0008 

1.30 

.9991 

.9921 

1.0040 

.9885 

1.0009 

.9981 

1.0012 

1.35 

.9990 

.9912 

1. 0040 

.9873 

1.0013 

• 9972 

1.0018 

1.40 

.9990 

.9903 

1. 0037 

.9863 

1.0018 

.9962 

1.0025 

1.45 

.9989 

.9895 

1.0032 

.9856 

1.0022 

.9950 

1.0032 

1.50 

.9988 

.9889 

1.0026 

.9850 

1.0027 

• 9936 

1.0040 

1.55 

.9987 

.9883 

1.0018 

.9846 

1.0033 

• 9920 

1.0046 

1.60 

.9986 

.9877 

1.0008 

.9843 

1.0038 

.9903 

1.0056 

1.65 

.9985 

.9873 

.9997 

.9842 

1.0042 

• 9885 

1.0064 

1.70 

.9985 

.9869 

.9984 

.9842 

1.0047 

.9865 

1.00 72 

1.75 

.9984 

.9865 

.9971 

.9843 

1.0051 

• 9844 

1.0079 

1.80 

.9983 

.9863 

.9956 

.9845 

1.0055 

• 9823 

1.0086 

1.85 

.9983 

• 9860 

.9941 

.9847 

1.0057 

• 9601 

1.0092 

1.90 

.9983 

.9859 

.9925 

.9851 

1.0059 

.9778 

1.00 98 

1.95 

.9983 

.9857 

. 9908 

.9855 

1.0061 

• 9754 

1.0102 

2.00 

.9983 

.9856 

.9891 

.9859 

1.0061 

• 9730 

1.0105 

2.05 

.9983 

. 9855 

.9874 

.9864 

1.0061 

.9706 

1.0107 

2.10 

.9983 

. 9855 

. 9857 

.9869 

1.0059 

.9662 

1.0109 

2.15 

.9983 

.9855 

.9839 

.9874 

1.0057 

• 9657 

1.0106 
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TABLE IX. REAL-GAS NORhAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 200 K 


A. PTl = 1. ATM OTl = 1.211 KGM/N3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/TI 

02/Dl 

PT2/PT1 

TT2/TT1 

0T2/0T1 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

.5282 

166.60 

1.085 

1.0000 

200.00 

1.0000 

1.0000 

1.0000 

l.OQQO 

1.0000 

1.0000 

1.05 

.9531 

.5573 

169.19 

1.127 

.9999 

200.00 

1.1196 

1.0329 

1.0639 

.9999 

1.0000 

.9999 

l.iO 

.9117 

.5830 

171.43 

1.164 

.9989 

200.00 

1.2450 

1.0650 

1.1690 

.9989 

1.0000 

• 9989 

1.15 

.8750 

.6052 

173.38 

1.194 

.9967 

200.00 

1.3762 

1.0967 

1.2549 

.9967 

1.0000 

.9967 

1.20 

.6421 

• 6240 

175.10 

1.219 

.9928 

200.00 

1.5133 

1.1282 

1.3414 

• 9928 

1.0000 

.9928 

1.25 

.8126 

.6393 

176.61 

1.239 

.9871 

199.99 

1.6562 

1.1596 

1.4283 

.9871 

1.0000 

.9871 

1.30 

.7859 

.6514 

177.95 

1.252 

.9794 

199.99 

1.8049 

1.1911 

1.5153 

.9794 

1.0000 

.9794 

1.35 

.7616 

• &603 

179.15 

1.261 

.9698 

199.99 

1.9595 

1.2229 

1.6024 

• 9698 

.9999 

.9697 

l.i«0 

.7396 

.6661 

160.21 

1.265 

.9582 

199.98 

2.1198 

1.2550 

1.6892 

.9582 

.9999 

• 95sr 

1.45 

.7194 

.6692 

181.17 

1.264 

.9449 

199.97 

2.2860 

1.2875 

1.7756 

• 9449 

.9999 

• 9449 

1.50 

.7010 

• 6696 

182.03 

1.258 

.9298 

199.97 

2.4581 

1.3205 

1.6614 

• 9298 

.9998 

• 9298 

1.55 

.6840 

.6676 

182.81 

1.249 

.9132 

199.96 

2.6359 

1.3541 

1.9466 

• 9132 

.9998 

• 9133 

1.60 

.6683 

.6635 

183.52 

1.237 

.8953 

199.95 

2.8196 

1.3683 

2.0310 

• 8953 

.9998 

• 8953 

1.65 

.6539 

.6573 

184.15 

1.221 

. 8761 

199.94 

3.0090 

1.4231 

2.1144 

.8761 

.9997 

.8761 

1.70 

.6405 

.6493 

184.74 

1.202 

.8558 

199.93 

3.2044 

1.4586 

2.1968 

• 8558 

.9997 

• 8558 

1.75 

• 6260 

.6398 

185.27 

1.181 

.8347 

199.92 

3.4055 

1.4948 

2.2781 

• 8347 

• 9996 

• 8347 

1.60 

.6164 

.6289 

185.76 

1.158 

• 8128 

199.91 

3.6125 

1.5317 

2.3582 

.8128 

.9996 

• 6128 

1.65 

• 6056 

• 6168 

186.21 

1.133 

.7904 

199.90 

3.8254 

1.5694 

2.4370 

• 7904 

.9995 

• 7904 

1.90 

.5956 

.6037 

166.62 

1.106 

.7675 

199.89 

4.0440 

1.6080 

2.5145 

.7675 

.9994 

.7675 

1.95 

.5861 

.5898 

187.00 

1.079 

.7443 

199.88 

4.2685 

1.6473 

2.5907 

.7443 

• 9994 

.7444 

2.00 

.5773 

.5752 

187.35 

1.050 

.7210 

199.87 

4.4989 

1.6874 

2.6654 

.7210 

.9993 

.7211 

2.05 

.5690 

• 5600 

187.68 

1.020 

.6976 

199.86 

4.7351 

1.7284 

2.7368 

.6976 

.9993 

.6977 

2.10 

.5612 

.5445 

187.98 

.990 

.6743 

199.85 

4.9771 

1.7703 

2.8106 

• 6743 

.9992 

.6744 

2.15 

.5539 

.5286 

188.26 

.960 

• 6512 

199.83 

5.2249 

1.8130 

2.8810 

• 6512 

.9992 

• 6512 

2.20 

.5470 

.5126 

188.52 

.930 

• 6283 

199.82 

5.4786 

1.8565 

2.9499 

• 6283 

.9991 

• 6283 

2.25 

.5405 

.4964 

188.76 

.899 

• 6057 

199.81 

5.7381 

1.9010 

3.0173 

• 60 5 7 

.9991 

• 6057 

2.30 

.5344 

.4803 

188.99 

.869 

.5834 

199.80 

6.0034 

1.9463 

3.0832 

• 5834 

• 9990 

.5835 

2.35 

.5286 

• 4642 

189.20 

.839 

.5616 

199.79 

6.2746 

1.9926 

3.1476 

• 5616 

.9990 

.5617 

2.40 

.5231 

.4483 

189.40 

• 809 

• 5403 

199.78 

6.5516 

2.0397 

3.2106 

• 5403 

.9989 

• 5403 

2.45 

.5179 

• 4326 

189.58 

• 780 

• 5194 

199.77 

6.8344 

2.0877 

3.2720 

• 5194 

.9989 

.5195 

2.50 

.5130 

.4171 

189.76 

.751 

• 4991 

199.76 

7.1231 

2.1367 

3.3320 

.4991 

• 9988 

• 4992 

2.55 

• 5083 

• 4019 

189.92 

.723 

.4794 

199.75 

7.4176 

2.1866 

3.3906 

.4794 

• 9988 

• 4794 

2.60 

.5039 

• 3869 

190.08 

.696 

• 4602 

199.74 

7.7160 

2.2374 

3.4477 

.4602 

.9987 

• 4603 

2.65 

.4997 

.3724 

190.22 

• 669 

.4417 

199.73 

S.0242 

2.2891 

3.5034 

• 4417 

• 9987 

• 4417 

2.70 

.4957 

.3582 

190.36 

• 643 

.4237 

199.73 

0.3362 

2.3417 

3.5578 

• 4237 

.9986 

• 4237 

2.75 

.4919 

.3444 

190.49 

.618 

• 4063 

199.72 

8.6541 

2.3953 

3.6107 

.4063 

.9986 

.4064 

2.80 

.4882 

• 3309 

190.61 

.593 

.3895 

199.71 

8.9778 

2.4498 

3.6624 

• 3895 

.9985 

.3896 

2.65 

• 4846 

• 3179 

190.73 

.570 

.3734 

199.70 

9.3073 

2.5053 

3.7127 

.3734 

• 9985 

• 3734 

2.90 

.4814 

• 3053 

190.84 

.547 

.3578 

199.69 

9.6426 

2.5617 

3.7617 

.3578 

• 9985 

• 3578 

2.95 

.4782 

.2931 

190.94 

.524 

• 3428 

199.69 

9.9838 

2.6190 

3.8094 

• 3428 

• 9984 

.3428 

3.00 

.4752 

• 2813 

191.04 

.503 

• 3284 

199.68 

10.3308 

2.6773 

3.8560 

• 3284 

• 9984 

• 3284 
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TABLE IX. REAL-GAS NORAML-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 200 K 
A. PTl r 1. ATM OTl = 1.711 KGN/N3 CONCLUDED. 


N1 

H2 

P2/P1 

T2/T1 

027D1 

PT2/PT1 

TT2/TTI 

DT2/DT1 




....DCI ATTtfC Tft 

TnPAI nTATnMTP 

UAi lie... 











1.00 

1.0000 

l.OOQO 

1.0000 

1.0000 

l.OOOO 

1.0000 

1.0000 

1.05 

1.0000 

1.0000 

1.0001 

1.0000 

1.0000 

1.0000 

1.0000 

1.10 

1.0000 

l.OOQO 

1.0001 

.9999 

1«0000 

1.0000 

1.0000 

1.15 

.9999 

1.0000 

1.0001 

.9999 

1.0000 

l.OOOQ 

1.0000 

1.20 

.9999 

l.OOQO 

1.0002 

.9998 

1.0000 

1.0000 

1.0000 

1.25 

.9999 

1.0000 

1.0002 

.9998 

1.0000 

l.OOOQ 

1.0000 

1.30 

.9999 

l.OOQO 

1.0002 

.9998 

l.QOOQ 

1.0000 

1.0000 

1.35 

.9999 

.9999 

1. 0002 

.9997 

1.0000 

.9999 

1.0000 

1.40 

.9998 

• 9999 

1.0002 

.9997 

1.0000 

.9999 

l.OOQO 

1.45 

.9998 

.9999 

1.0002 

.9997 

1.0000 

.9999 

l.OOQO 

1.50 

.9998 

.9999 

1.0002 

.9997 

l.OOOQ 

.9998 

1.0001 

1.55 

.9998 

.9999 

1.0002 

.9996 

1.0000 

.9998 

1.0001 

1.60 

.9998 

.9999 

1.0002 

.9996 

1.0001 

.9998 

l.QQOl 

1.65 

.9999 

.9998 

1.0002 

.9996 

1.0001 

.9997 

1.0001 

i.ro 

.9999 

.9998 

1.0002 

.9996 

1.0001 

.9997 

1.0001 

1.75 

.9999 

.9998 

1.0001 

.9996 

1*0001 

.9996 

1.0002 

1.80 

.9999 

.9998 

l.QQOl 

.9996 

1*0001 

.9996 

1.0002 

1.85 

.9 999 

.9998 

1.0001 

.9995 

1.0002 

.9995 

1.0002 

1.90 

.9999 

.9998 

l.OOQO 

.9995 

1.0002 

.9994 

1.0002 

1.95 

.9999 

.9998 

l.OOQO 

.9995 

1.0002 

.9994 

1.0002 

2.00 

.9999 

.9998 

1.0000 

.9995 

1.0002 

.9993 

1*0002 

2.05 

.9998 

.9998 

.9999 

.9995 

1.0002 

.9993 

1.0002 

2.10 

.9998 

.9998 

.9999 

.9995 

1.0002 

.9992 

1.0002 

2.15 

.9999 

.9998 

.9999 

.9996 

1.0002 

.9992 

1.0003 

2.20 

.9999 

.9997 

.9998 

.9996 

1.0002 

.9991 

1.0003 

2.25 

.9999 

.9997 

.9998 

.9996 

1.0002 

.9991 

1.0003 

2.30 

.9999 

.9997 

.9998 

.9996 

1.0002 

.9990 

1.0003 

2.35 

.9999 

.9997 

.9997 

.9996 

1.0002 

.9990 

1.0003 

2.40 

1.0000 

.9997 

.9997 

.9996 

1.0002 

.9989 

1.0003 

2.45 

l.QOOQ 

.9997 

.9997 

.9996 

1.0002 

.9989 

1.0003 

2.50 

1.0000 

.9997 

.9996 

.9996 

1.0002 

.9988 

1.0003 

2.55 

1.0000 

.9997 

.9996 

.9996 

1*0002 

.9988 

1.0003 

2.60 

l.QQQO 

.9997 

.9996 

.9996 

1.0002 

.9987 

1.0003 

2.65 

1.0000 

.9997 

.9995 

.9996 

1*0002 

.9987 

1.0003 

2.70 

1.0001 

.9997 

.9995 

.9997 

1.0002 

.9986 

1.0003 

2.75 

1.0001 

.9998 

.9995 

.9997 

1*0002 

.9986 

1.0003 

2.80 

1.0001 

.9998 

.999<i 

.9997 

1.0002 

.9985 

1.0003 

2.85 

1.0001 

.9998 

.9994 

.9997 

1.0002 

.9985 

1.0003 

2.90 

1.0000 

.9998 

. 9994 

.9997 

1.0001 

.9985 

1.0003 

2.95 

1.0000 

.9993 

.9994 

.9997 

l.OQOl 

.9984 

1.0002 

3.00 

1.0000 

.9998 

.9994 

.9997 

1.0001 

.9984 

1.0002 



—3 

a^ 


TABLE IX. real-gas NORMAL-SHOCK SOLUTIONS NITROGEN AT TTl = 200 K 


3. PTl = 3. ATM OTl = 5.155 KGH/M3 


Ml 

M2 

P2 

T2 

02 

■PT? 

TT2 

P2/P1 

T2/TI 

D?/D1 

PT2/PTI 

TT2/TTI 

DTP/OTl 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

1.5840 

• 166.48 

3.270 

3.0001 

200.00 

^.-^HhOOO 

1.0000 

1.0000 

l.OOQO 

1.0000 

1.0000 

1.05 

.9531 

1.6715 

169.00 

3.398 

2.9997 

200,00 

‘ iUl9 6 

1.0330 

1.0839 

.9999 

1.0000 

.9999 

1.10 

.9116 

1.7486 

171.32 

3.508 

2.9969 

200.00 

1.2450 

1.0652 

1.1686 

.9990 

1.0000 

.9989 

1*15 

.8748 

1.8153 

173.28 

3.600 

2.990? 

200.00 

1.3762 

1.0970 

1.2546 

.9967 

1.0000 

.9967 

1.20 

.8419 

1.8716 

175.00 

3.675 

2, 9785 

199.99 

1.5132 

1.1285 

1.3410 

.9928 

.9999 

.9928 

1.25 

.8123 

1.9177 

176.52 

3.734 

2.9613 

199.98 

1.6561 

1.1600 

1.4278 

.9871 

.9999 

.9871 

1.30 

.7857 

1.9537 

177.85 

3.775 

2.9383 

199.97 

1.8046 

1.1915 

1.5146 

.97 94 

.9999 

.9795 

1.35 

.7615 

1.9804 

179.04 

3.801 

2, 9095 

199.96 

1.9590 

1.2233 

1.6015 

.9698 

.9998 

.9698 

1.40 

.7396 

1. 9980 

180.10 

3,812 

2.8750 

199.94 

2.1191 

1.2554 

1.6661 

. 9583 

.9997 

• 9504 

1.45 

.7194 

2.0072 

181.05 

3. 809 

2.8350 

199.92 

2.2052 

1.2879 

1.7743 

.9450 

.9996 

.9450 

1.50 

.7010 

2.0085 

181.90 

3.793 

2,7900 

199.90 

2.4570 

1.3209 

1,8600 

.9300 

.9995 

• 9300 

1.55 

.6840 

2.0026 

182.66 

3.766 

2.7403 

199.38 

2.6347 

1.3544 

1.9451 

.9134 

.9994 

.9135 

1.60 

.6683 

1.9901 

183.36 

3.728 

2, 6864 

199,85 

2,818? 

1.3886 

2.0293 

.8955 

.9993 

.8955 

1.65 

.6538 

1.9717 

183.98 

3.680 

2. 6288 

199.82 

3.0076 

1.4233 

2.1126 

.8763 

.9991 

.8763 

1.70 

.6404 

1.9479 

164.55 

3.624 

2.5681 

199.80 

3.2028 

1.4588 

2.1949 

• 8560 

.9990 

.8561 

1.75 

.6280 

1.9194 

185.07 

3.561 

2.5047 

199.77 

3.4038 

1.4949 

2 .2761 

.8349 

.9988 

• 8350 

1.60 

.6164 

1.8867 

185.54 

3.h91 

2,4391 

199.73 

3.6106 

1.5318 

2.3561 

• 8130 

.9987 

• 8131 

1.85 

.6056 

1.8505 

185.97 

3.415 

2.3^18 

199.70 

3.8232 

1.5694 

2.4349 

.7906 

.9985 

.7907 

1.90 

.5956 

1.8113 

186.37 

3.335 

2.3033 

199.67 

4.0417 

1.6078 

2.5124 

.7678 

• 9983 

.7679 

1.95 

.5861 

1.7696 

186.73 

3.252 

2. 2338 

199.64 

4,2661 

1.6470 

2.5805 

.7446 

.9982 

.7447 

2.00 

.5773 

1.7258 

187.06 

3.165 

2.1639 

199.60 

4.4962 

1.6870 

2.6632 

.7213 

.9980 

.7214 

2.05 

.5690 

1.6804 

187.37 

3.076 

2.0937 

199.57 

4.7323 

1.7279 

2.7365 

.6979 

.9979 

.6980 

2.10 

.5612 

1.6337 

187,65 

2,986 

2.0238 

199.54 

4.9741 

1.7695 

2.6083 

.6746 

.9977 

.6747 

2.15 

.5539 

1.5861 

137.91 

2.894 

1.9543 

199.50 

5.2218 

1.8121 

2.8787 

.6514 

.9975 

• 6516 

2.20 

.5470 

1.5380 

188.15 

2. 803 

1. 8856 

199.47 

5.4753 

1.8555 

2.9476 

.6285 

.9974 

.62 87 

2.25 

.5405 

1 .4896 

188.37 

2.711 

1.8177 

199.44 

5.7346 

1.0998 

3.0150 

.60 59 

.9972 

• 6061 

2.30 

.5344 

1.4412 

188.58 

2.619 

1.7510 

199.41 

5,9998 

1.9450 

3.0810 

.5837 

.9970 

.5838 

2.35 

.5286 

1.3930 

188.78 

2.529 

1.6855 

199.38 

6.2708 

1.9910 

3.1454 

.5618 

.9969 

• 5620 

2.40 

.5231 

1.3452 

188.96 

2.439 

1. 6214 

199.35 

6.5477 

2.0380 

3.2083 

*5405 

.9967 

• 5406 

2.45 

.5179 

1.2980 

189.12 

2.351 

1.5588 

199,32 

6. 8334 

2.0858 

3.2698 

.5196 

• 9966 

.5198 

2.50 

.5130 

1.2514 

189.28 

2.265 

1.4979 

199.29 

7.1189 

2*1346 

3.3299 

.4993 

.9964 

.4995 

2.55 

.5083 

1.2058 

189.43 

2.180 

1.4386 

199.26 

7.4133 

2.1843 

3*3684 

.4795 

.9963 

.4797 

2.60 

.5039 

1.1610 

189.57 

2.097 

1.3810 

199.23 

7.7135 

2.2349 

3*4456 

.4603 

• 9962 

• 4605 

2.65 

.4996 

1.1173 

189.70 

2.017 

1.3253 

199.20 

8.0196 

2.2865 

3.5013 

.4418 

.9960 

• 4419 

2.70 

.4956 

1.0747 

189.8? 

1.938 

1.2713 

199.18 

8.3314 

2.3389 

3.5557 

. 4?38 

.9959 

.4239 

2.75 

.4918 

1.0332 

189.93 

1.862 

1.2191 

199.15 

8.6492 

2.3923 

3.6087 

.40 64 

• 9958 

• 4065 

2.80 

.4881 

.9929 

190.04 

1.788 

1.1687 

199.13 

8.9727 

2.4467 

3.6604 

.3896 

.9956 

.3897 

2.85 

.4847 

.9538 

190.14 

1.717 

1.1202 

199.11 

9.3022 

2.5019 

3.7107 

.3734 

.9955 

• 3736 

2.90 

.4813 

.9159 

190.24 

1.646 

1.0734 

199.08 

9.6374 

2.5581 

3.7598 

.3578 

.9954 

• 3580 

2.95 

.4782 

.8793 

190.33 

1.581 

1.3284 

199,06 

9.9785 

2.6153 

3.8076 

.3428 

.9953 

.3429 

3.00 

.4751 

.8439 

190.42 

1.516 

.9851 

199.04 

10.3254 

2.6734 

3.8542 

• 3284 

• 9952 

• 32 85 
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TABLE IX. REAL* 

-GAS NORAHL-SHOCK 

SOLUTIONS FOR 

NITROGEN AT TTl = 

200 K 




8. PTl = 

3. ATM on = 

5.155 KGM7N3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 


1 



IDEAL OIATC 








Jnio bAo VALUt— •* 



l.OQ 

l.QOQO 

1.0000 

l.QOOO 

l.QOOO 

1.0000 

l.OQOO 

1.0000 

1.05 

.9999 

l.QOOO 

1.0001 

.9999 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

l.QOOO 

1.0003 

.9998 

1.0000 

1.0000 

l.OQOO 

1.15 

.9 998 

1.0000 

1.0QQ4 

.9997 

1.0000 

1.0000 

1.0000 

1.20 

.9997 

.9999 

1.0Q05 

.9995 

1.0000 

.9999 

1.0000 

1.25 

.9996 

.9999 

1.Q006 

.9994 

1.0000 

.9999 

1.0000 

1.30 

.9997 

.9998 

1.0006 

.9993 

1.0001 

.9999 

l.OQQl 

1.35 

.9997 

.9997 

1.0006 

.9992 

l.QOQl 

.9998 

1.0001 

1*40 

.9998 

.9996 

1.0006 

.9991 

1.0001 

.9997 

1.0002 

1 .45 

.9998 

♦ 9995 

1.0006 

.9990 

1.0002 

.9996 

1.0002 

1.50 

.9998 

.9995 

1.0005 

.9989 

1.0002 

.9995 

1.0003 

1*55 

.9998 

.9994 

1.0005 

.9988 

1.0003 

• 9994 

1.0003 

1.60 

.9999 

.9994 

1.0004 

.9988 

1.0003 

.9993 

1.0004 

1.65 

.9998 

.9993 

1.0004 

.9988 

1.0003 

.9991 

1.0004 

1.70 

.9998 

.9993 

1.0003 

.9987 

1.0004 

.9990 

1.0005 

1.75 

.9998 

.9993 

1.0002 

.9987 

1.0004 

• 9988 

1.0005 

1.60 

.9 999 

.9992 

l.OQQl 

.9987 

1.0004 

.9987 

1.0006 

1.85 

.9999 

.9992 

1.0800 

.9987 

1.0005 

.9985 

1.0006 

1.90 

.9999 

.9992 

.9999 

.9987 

1.0005 

.9983 

1.0007 

1.95 

.9999 

.9992 

.9998 

.9987 

1.0005 

.9982 

1.0007 

2.00 

.9999 

.9992 

.9997 

.9987 

1.0006 

• 9980 

1.0008 

2.05 

.9998 

.9992 

.9996 

.9987 

1.0006 

.9979 

1.0008 

2.10 

.9999 

.9991 

.9995 

.9987 

1.0006 

.9977 

1.0008 

2.15 

.9999 

.9991 

.9994 

.9988 

1.0006 

.9975 

1.0008 

2.20 

.9999 

.9991 

.9993 

.9988 

1.0006 

.9974 

1.0009 

2.25 

.9999 

.9991 

.9992 

.9988 

1.0006 

.9972 

1.0009 

2.30 

l.QOOO 

.9991 

.9991 

.9988 

1.0006 

.9970 

1.0009 

2.35 

1.0000 

.9991 

.9989 

.9989 

1.0006 

• 9969 

1.0009 

2.40 

1.0000 

.9991 

.9988 

.9989 

1.0006 

.9967 

1.0009 

2.45 

1.0000 

.9991 

.9987 

.9989 

1.0006 

.9966 

1.0009 

2.50 

1.0000 

.9991 

.9987 

.9990 

1.0006 

.9964 

1.0009 

2.55 

1.0000 

.9992 

. 9986 

.9990 

1.0005 

.9963 

1.0009 

2.60 

1.0000 

.9992 

.9985 

• 9990 

1.0005 

.9962 

1.0008 

2.65 

1.0000 

.9992 

.9984 

.9990 

1.0004 

• 9960 

1.0008 

2.70 

l.QOOO 

.9992 

.9983 

.9991 

1.0004 

.9959 

1.0008 

2.75 

.9999 

.9992 

• 9982 

.9991 

1.0004 

• 9958 

1.0008 

2.80 

.9999 

.9992 

.9962 

.9991 

1.0003 

• 9956 

1.0007 

2.85 

.9999 

.9992 

.9981 

.9992 

1.0002 

.9955 

1.0007 

2.90 

• 9999 

.9992 

.9980 

.9992 

1.0002 

.9954 

1.0006 

2.95 

• 9999 

.9992 

• 9980 

.9992 

l.OQQl 

.9953 

1.0006 

3.00 

• 9998 

.9992 

.9979 

.9992 

1.0001 

.9952 

1.0005 
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TABLE IX* REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 200 K 
C* PTl = 5* ATH OTl h 6.629 KGM/N3 


HI 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

D2/D1 

PT2/PTI 

TT2/TT1 

0T2/0T1 



ATH 

K 

KGM/M3 

ATN 

K 







1*00 

1.0000 

2.6392 

166.37 

5.477 

5.0005 

200.00 

r.QOQO 

l.OQOO 

1.0000 

1.0001 

1.0000 

1.0000 

1.09 

.9530 

2.7850 

168.97 

5.690 

4.9998 

200.00 

•^'*1‘..1196 

1.0331 

1.0836 

1.0000 

1.0000 

l.OQOO 

1.10 

.9115 

2.9136 

171.22 

5.875 

4.9952 

200.00 

1.2450 

1.0654 

1.1686 

.9990 

l.OQOO 

.9990 

1.15 

• 8747 

3.0248 

173.19 

6.030 

4.9839 

199.99 

1.3761 

1.0973 

1.2543 

• 9968 

1.0000 

.9967 

1.20 

• 6418 

3.1185 

174.90 

6.155 

4. 9646 

199.98 

1.5130 

1.1288 

1.3405 

.9929 

.9999 

• 9929 

1.25 

.8123 

3.1951 

176.41 

6.252 

4.9360 

199.97 

1.6556 

1.1603 

1.4270 

• 9872 

.9998 

• 9872 

1.30 

.7857 

3.2552 

177.74 

6.321 

4.8978 

199.95 

1.8040 

1.1919 

1.5137 

• 9796 

• 9998 

.9796 

1.35 

.7615 

3.2997 

178.93 

6.365 

4. 8498 

199.93 

1.9583 

1.2237 

1.6004 

.9700 

.9996 

.9700 

1.40 

.7395 

3.3292 

179.98 

6.383 

4.7923 

199.90 

2.1184 

1.2558 

1.6869 

.9585 

.9995 

• 9585 

1.45 

.7194 

3.3446 

180.92 

6.378 

4.7258 

199.87 

2.2842 

1.2883 

1.7730 

.9452 

.9994 

.9452 

1.50 

.7009 

3.3470 

161.76 

6.352 

4.6509 

199.84 

2.4559 

1.3213 

1.8586 

.9302 

.9992 

.9302 

1.55 

.6840 

3.3373 

182.52 

6.307 

4.5682 

199.80 

2.6335 

1.3548 

1.9435 

.9136 

.9990 

.9137 

1.60 

.6683 

3.3166 

183.20 

6.243 

4.4785 

199.75 

2.8168 

1.3889 

2.0276 

.8957 

• 9988 

.8958 

1.65 

• 6536 

3.2860 

183.61 

6.163 

4.3826 

199.71 

3.0061 

1.4236 

2.1108 

• 8765 

.9985 

.8766 

1.70 

• 6404 

3.2465 

184.37 

6.070 

4.2815 

199.66 

3.2010 

1.4589 

2.1930 

.8563 

• 9983 

.8564 

1.75 

• 6280 

3.1990 

184.87 

5.963 

4.1760 

199.61 

3.4019 

1.4950 

2.2741 

.8352 

.9981 

.8354 

1.80 

.6164 

3.1446 

185.32 

5.846 

4.0667 

199.56 

3.6085 

1.5317 

2.3541 

.8133 

.9978 

.8135 

1.85 

• 6056 

3.0845 

185.74 

5.720 

3.9546 

199.51 

3.8210 

1.5693 

2.4328 

.7909 

.9975 

.7911 

1.90 

.5955 

3.0193 

186.12 

5.586 

3.8403 

199.45 

4.0394 

1.6076 

2.5102 

.7681 

.9973 

• 7663 

1.95 

• 5861 

2.9498 

186.46 

5.446 

3. 7245 

199.40 

4.2635 

1.6466 

2.5862 

.7449 

.9970 

.7451 

2.00 

.5773 

2.8769 

186.77 

5.301 

3.6080 

199.34 

4.4935 

1.6865 

2.6609 

.7216 

.9967 

.7218 

2.05 

.5690 

2.8012 

187.06 

5.153 

3.4911 

199.29 

4.7293 

1.7272 

2.7342 

.6982 

.9964 

.6985 

2.10 

.5612 

2.7234 

187.32 

5.001 

3.3746 

199.23 

4.9710 

1.7688 

2.8060 

.6749 

.9962 

.6752 

2.15 

.5539 

2.6442 

187.57 

4.848 

3.2586 

199.18 

5.2185 

1.8112 

2.8764 

.6517 

.9959 

.6520 

2.20 

.5470 

2.5641 

187.79 

4.695 

3.1440 

199.12 

5.4719 

1.8544 

2.9453 

.62 88 

.9956 

.6291 

2.25 

• 5405 

2.4834 

187.99 

4.541 

3.0309 

199.07 

5.7310 

1.6986 

3.0127 

.6062 

.9953 

• 6065 

2.30 

• 5344 

2i4027 

188.18 

4.388 

2.9196 

199.02 

5.9961 

1.9436 

3.0786 

• 5639 

.9951 

.5842 

2.35 

.5286 

2.3223 

188.36 

4.236 

2.8103 

198.96 

6.2669 

1.9894 

3.1431 

• 5621 

.9948 

.5624 

2.40 

.5231 

2.2426 

188.52 

4.086 

2. 7035 

198.91 

6.5436 

2.0362 

3.2061 

.5407 

.9946 

• 5410 

2.45 

.5179 

2.1639 

188.67 

3.939 

2.5991 

198.86 

6.8262 

2.0839 

3.2676 

.5198 

.9943 

.5201 

2.50 

• 5130 

2.0863 

188.81 

3.794 

2.4974 

198.81 

7.1146 

2.1325 

3.3276 

.4995 

.9941 

.4998 

2.55 

• 5083 

2.0101 

188.94 

3.652 

2.3985 

198.77 

7.4088 

2.1820 

3.3863 

.4797 

.9938 

.4800 

2.60 

• 5038 

1.9354 

189.06 

3.513 

2.3025 

198.72 

7.7089 

2.2324 

3.4435 

.4605 

.9936 

• 4608 

2.65 

• 4996 

1.8625 

189.17 

3.378 

2.2095 

198.68 

8.0146 

2.2838 

3.4993 

.4419 

.9934 

• 4422 

2.70 

.4956 

1.7914 

189.28 

3.247 

2.1194 

198.63 

8.3266 

2.3361 

3.5537 

.4239 

• 9932 

.4242 

2.75 

.4918 

1.7222 

189.38 

3.119 

2.0323 

198.59 

8.6442 

2.3893 

3.6067 

.4065 

.9930 

• 4066 

2.80 

• 4881 

1.6550 

189.47 

2.995 

1.9483 

198.55 

8.9676 

2.4434 

3.6584 

.3897 

.9928 

.3899 

2.85 

.4846 

1.5897 

189.56 

2.875 

1.8673 

198.51 

9.2969 

2.4985 

3.7088 

.3735 

• 9926 

.3737 

2.90 

.4814 

1.5266 

189.64 

2.759 

1.7893 

198.47 

9.6321 

2.5544 

3.7580 

.3579 

• 9924 

• 3581 

2.95 

.4782 

1.4655 

189.72 

2.648 

1.7142 

198.44 

9.9T32 

2.6114 

3.8059 

.3428 

• 9922 

• 3431 

3.00 

.4752 

1.4065 

189.79 

2.540 

1.6420 

198.40 

10.3200 

2.6693 

3.8526 

• 3284 

.9920 

.3287 
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TABLE IX. REAL-6AS MORANL-SHOCK SOLUTIONS FOR NITROGEN AT TTl « 20# K 
C. PTl s 5. ATM OTl > 6.629 K6N/H3 CONCLUDED. 


HI 

M2 

P2/P1 

T27T1 

02/Dl 

PT2/PTI 

TT2/TT1 

0T2/DT1 





TfirAfl (irArrtMT/* 

rzjic t/Af 






KLLA 1 iWt lU 





1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0001 

1.0000 

1.0000 

1.05 

.9999 

l.OQQO 

1.0002 

.9998 

1.0001 

1.0000 

1.0001 

1.10 

.9997 

1.0000 

1.0005 

.9996 

l.QQOl 

1.0000 

1.0001 

1.15 

.9996 

.9999 

1.0006 

.9994 

1.0001 

1.0000 

1.0600 

1.20 

.9996 

.9998 

1.0007 

.9992 

1.0001 

.999^ 

1.0001 

1.25 

.9996 

.9996 

1.0008 

.9989 

1.0001 

• 9998 

1.0002 

1.30 

.9997 

.9995 

1.0009 

.9987 

1.0002 

• 9998 

1.0002 

1.35 

.9997 

.9993 

1.0009 

.9985 

1.0002 

• 9996 

1.0003 

1.40 

.9 997 

.9992 

1.0009 

.9984 

1.0003 

.9995 

1.0003 

1.45 

.9998 

.9991 

1.0009 

.9982 

1.0003 

• 9994 

1.0004 

1.50 

.9998 

.9990 

1. 0008 

.9981 

1.0004 

• 9992 

l.OOOS 

1.55 

.9998 

.9989 

1.0007 

.9990 

1.0005 

.9990 

1.0006 

1.60 

.9999 

.9989 

1.00(]& 

.9979 

1.0006 

• 9968 

1.0007 

1.65 

.9998 

.998 8 

1.0005 

.9979 

1.0006 

• 9985 

1.0006 

1.70 

.9998 

.9988 

1. 0004 

.9979 

l.OOOT 

• 9983 

1.0006 

1.75 

.9999 

.9987 

1.0003 

.9978 

1.0008 

.9961 

1.0009 

1.80 

.9999 

.9987 

1.0001 

♦ 9978 

1.0008 

.9976 

1.0010 

1.85 

.9999 

.9986 

.9999 

.9978 

1.0009 

.9975 

1.0011 

1.90 

.9998 

.9986 

.9998 

.9978 

1.0009 

.9973 

1.0012 

1.95 

.9999 

.9986 

.9996 

.9978 

I.OOIQ 

.9970 

1.0013 

2.00 

.9999 

.9986 

.9994 

.9978 

1.0010 

.9967 

1.0013 

2.05 

.9999 

.9985 

.9992 

.9979 

1.0010 

• 9964 

1.0014 

2.10 

.9999 

.9985 

.9991 

.9979 

1.0011 

.9962 

1.0014 

2.15 

.9998 

.9985 

.9989 

.9979 

1.0010 

.9959 

1*0015 

2. 20 

.9999 

.9985 

.9987 

.9980 

i.QOll 

• 9956 

1.0015 

2.25 

.9999 

.9985 

.9985 

.9980 

1.0011 

.9953 

1.0015 

2.30 

.9999 

.9985 

.9983 

.9981 

1.0011 

.9951 

1.0016 

2.35 

.9999 

. 9985 

.9982 

.9981 

1.0010 

.9948 

1.0016 

2.40 

1.0000 

.9985 

.9980 

.9982 

1.0010 

• 9946 

1.0016 

2.45 

1.0000 

.9985 

.997 8 

.9982 

1.0010 

.9943 

1.0016 

2.50 

1.0000 

.9985 

.9977 

.9983 

1.0009 

• 9941 

1*0015 

2.55 

l.QQOO 

.9985 

.9975 

.9983 

1.0009 

• 9938 

1.0015 

2.60 

1.0000 

.9986 

.9974 

.9984 

1.0008 

• 9936 

1.0015 

2.65 

.9 999 

.9986 

.9972 

.9985 

i.oooa 

.9934 

1.0014 

2.70 

.9999 

.9986 

.9971 

.9985 

1.0007 

• 9932 

1.0014 

2.75 

.9999 

.9986 

.9969 

.9986 

1.0006 

• 9930 

1.0013 

2.80 

.9999 

.9986 

.9968 

• 9986 

1.0005 

.9928 

1.0012 

2*85 

• 9998 

.9986 

.9967 

.9986 

1.0004 

.9926 

1*0012 

2.90 

1.0000 

.9987 

• 9966 

.9987 

1.0004 

• 9924 

1*0011 

2.95 

1.0000 

.9987 

.9965 

•9968 

1.0003 

• 9922 

1.0011 

3.00 

1.0000 

.9987 

• 9964 

• 9988 

1.0002 

•9920 

1.0010 



CD 
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TABLE IX, REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 200 K 


0, PTl = e, ATM OTl = 13,896 KGN/M3 


Hi 

N2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 



ATM 

K 

KGI1/H3 

ATM 

K 







1,00 

1.0000 

4.2199 

166.19 

8.826 

e.QOQl 

200,00 

1 VO 00 0 

r«oooo 

l.QOQO 

1.0000 

1,0000 

i.QOOO 

1,05 

.9529 

4,4531 

168.80 

9.170 

7.9989 

200.00 

1,1196 

1,0332 

1,0836 

,9999 

1,0000 

.9999 

1,10 

,9114 

4.6589 

171.07 

9.466 

7.9914 

200,00 

1,2449 

1,0657 

1,1683 

.9989 

1,0000 

.9989 

1,15 

,8746 

4.8365 

173.03 

9.715 

7.9735 

199.99 

1.3759 

1,0976 

1.2537 

.9967 

.9999 

,9967 

1,20 

.8418 

4.9858 

174.75 

9.916 

7.9426 

199.97 

1.5125 

1,1292 

1,3396 

.9928 

.9999 

,9928 

1,25 

.8124 

5 . 1 0 82 

176.75 

10.072 

7.8970 

199,95 

1.6549 

1,1608 

1.4259 

,9871 

.9998 

,9072 

1.30 

.7857 

5.2046 

177.58 

10.184 

7, 8360 

199,92 

1.8031 

1,1924 

1.5123 

.9795 

.9996 

.9795 

1,35 

.7615 

5.2759 

178.76 

10.253 

7.7595 

199.89 

1.9572 

1.2243 

1.5988 

.96 99 

.9994 

,9700 

1,40 

.7395 

5.3233 

179.81 

10.283 

7.6679 

199.85 

2.1170 

1,2564 

1.6850 

.9585 

.9992 

.9506 

1,45 

.7194 

5,3484 

180.74 

10.276 

7.5616 

199.80 

2.2828 

1.2809 

1.7709 

.9452 

.9990 

.9453 

1,50 

.7009 

5.3524 

181.57 

10.234 

7.4420 

199.74 

2.4542 

1.3210 

1.8562 

.9302 

.9987 

• 9304 

1,55 

,6840 

5.3372 

182.30 

10.161 

7.3100 

199.68 

2.6315 

1.3553 

1.9409 

.9137 

.9984 

.9139 

1,60 

.6683 

5.3046 

182.97 

10.059 

7.1666 

199.61 

2.8147 

1.3093 

2,0249 

• 8958 

.9981 

.0960 

1,65 

.6538 

5.2559 

183.56 

9.931 

7.0137 

199.54 

3.0036 

1.4239 

2,1079 

.8767 

,9977 

.8769 

1,70 

.6404 

5.1930 

184.09 

9.781 

6. 8522 

199.46 

3.1903 

1.4591 

2,1900 

• 8565 

.9973 

.8568 

1,75 

.6280 

5.1175 

184.57 

9.610 

6.6835 

199.38 

3.3989 

1.4950 

2.2710 

, 8354 

.9969 

.8357 

1,80 

.6164 

5.0310 

185.00 

9.422 

6.5088 

199.30 

3.6054 

1.5317 

2.3506 

• 8136 

.9965 

.8139 

1,65 

.6056 

4.9349 

185.39 

9.219 

6.3296 

199.22 

3.8176 

1.5690 

2.4294 

.7912 

.9961 

,7915 

1,90 

.5955 

4.8308 

18 5 . 74 

9.004 

6.1469 

199.13 

4.0356 

1.6072 

2.5067 

.7684 

.9957 

.7687 

1.95 

.5861 

4.7198 

186.06 

8.778 

5.9618 

199.04 

4.2595 

1.6461 

2.5827 

, 7452 

.9952 

,7456 

2,00 

.5772 

4,6033 

186,34 

8.545 

5,7752 

198.96 

4.4093 

1.6850 

2.6573 

.7219 

.9948 

.7223 

2,05 

.5690 

4.4824 

186.60 

8.306 

5.5883 

198.87 

4.7248 

1.7263 

2.7306 

.6985 

,9943 

.6990 

2.10 

.5612 

4.3581 

186.84 

8,062 

5,4018 

193.78 

4.9662 

1.7676 

2,80^4 

.6752 

• 9939 

.6757 

2.15 

.5539 

4.2315 

187.05 

7.816 

5.2165 

198.69 

5.2135 

1.8097 

2.8727 

.6521 

.9935 

.6525 

2.20 

.5470 

4.1032 

187.24 

7.568 

5.0329 

190.60 

5.4666 

1.8527 

2.9417 

.6291 

.9930 

.6296 

2,25 

.5405 

3.9742 

187.42 

7.320 

4.8516 

198.52 

5.7255 

1.8966 

3.0091 

.6065 

.9926 

• 6070 

2.30 

.5343 

3,8451 

187.58 

7.073 

4.6734 

198.43 

5.9903 

1.9414 

3.0750 

.5842 

• 9922 

.5047 

2.35 

.5286 

3.7165 

187.73 

6. 829 

4.4986 

198.35 

6.2609 

1,9870 

3.1395 

.5623 

.9917 

.5628 

2.40 

.5231 

3.5889 

187.86 

6.587 

4.3274 

198.27 

6.5374 

2.0335 

3,2026 

.5409 

.9913 

.5415 

2.45 

.5179 

3.4628 

1 87 . 99 

6.349 

4.1603 

198.19 

6.8197 

2,0809 

3.2641 

.5200 

,9909 

.5206 

2.50 

.5130 

3.3386 

188.10 

6.116 

3.9974 

190.11 

7.1079 

2.1292 

3.3243 

.4997 

.9905 

.5002 

2.55 

.5083 

3.2166 

188.20 

5.887 

3.8390 

198.03 

7.401 9 

2.1785 

3.3829 

.4799 

.9902 

• 4804 

2.60 

.5038 

3.0971 

188.30 

5.663 

3.6352 

197.96 

7.7018 

2.2286 

3.4402 

.4607 

,9898 

.4612 

2.65 

,4996 

2.9803 

188.39 

5.445 

3.5361 

197.89 

8.0075 

2,2796 

3.4961 

• 4420 

.9894 

.4425 

2.70 

.4956 

2.8664 

188.47 

5.233 

3.3918 

197.62 

8.3191 

2.3316 

3.5506 

.4240 

.9891 

• 4245 

2.75 

.4917 

2.7556 

188.55 

5.027 

3.2523 

197.75 

8.6365 

2.3845 

3.6037 

• 4065 

,9868 

.40 70 

2.80 

.4881 

2.6479 

188.62 

4.827 

3.1178 

197.69 

8.9598 

2.4383 

3.6555 

.3897 

.98 84 

.3902 

2.85 

.4847 

2.5434 

188.68 

4.634 

2.9880 

197.62 

9.2890 

2.4931 

3.7061 

,3735 

.9881 

.3740 

2.90 

.4814 

2.4423 

188.74 

4.4u7 

2. 8630 

197.56 

9.6240 

2.5488 

3.7553 

.3579 

.9878 

.3584 

2.95 

.4782 

2.3444 

188.80 

4.266 

2. 74?7 

197.50 

9.9648 

2,6054 

3.8033 

• 3428 

,9875 

• 3433 

3,00 

.4752 

2.2499 

188.85 

4.092 

2. 6270 

197.45 

10.3116 

2.6630 

3.8500 

.3284 

.9872 

• 3286 



TABLE 


IX 


REAL-GAS NQRAML-SHOCK SOLUTIONS POR NITROGEN AT TTl = 200 K 


0. PTl = 8. ATM DTI = 13.896 KGM/M3 CONCLUDED, 


Ml 

M2 

P2/Pi 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/DT1 












•— “-rtLAliVt. lU 

iU^AL JiAiuniu 

l>Ao VAUUt*** 



1,00 

1.0090 

1. GOOD 

1,0000 

1.0000 

1.0000 

1.0000 

l.OQGO 

i.o; 

.9998 

1.0000 

1.0004 

.9997 

1.0000 

l.OOOQ 

l.OOOQ 

1,18 

.9996 

.9999 

1.0007 

.9994 

1.0000 

1.0000 

l.OOOQ 

1.15 

.9995 

.9998 

1,0010 

.9990 

1.0000 

.9999 

1.0000 

1.20 

,9996 

.9995 

1.0011 

.9985 

1.0000 

.9999 

l.OOOQ 

1.25 

,9 996 

.9992 

1.0012 

.9981 

1.0001 

.9998 

1.0001 

1.30 

,9997 

.9990 

1.0013 

.9973 

1.0001 

.9996 

1,0002 

1.35 

.9997 

. 9988 

1. 0013 

.9975 

1.0002 

.9994 

1.0003 

1.4Q 

.9 990 

.9986 

1.0013 

.9973 

1.0003 

.9992 

1.0004 

1.45 

.9997 

.9985 

1.0013 

.9971 

1.0004 

.9990 

1.0005 

1.50 

.9998 

.9983 

1.001? 

.9969 

1.0005 

.9987 

1.0006 

1.55 

.9998 

.998? 

1.0011 

.9967 

1.0006 

.9984 

1.0008 

1.60 

.9998 

.9981 

1.0009 

.9966 

1.0007 

,9981 

1.0009 

1.65 

,9990 

.9980 

1.0008 

.9965 

1.0006 

.9977 

1.0011 

1.70 

.9998 

.9979 

1.0005 

.9965 

1.0009 

.9973 

1.0012 

1.75 

.9 999 

.9979 

1.0003 

.9964 

1.0010 

,9969 

1.QQ14 

1.80 

.9998 

.9978 

1.0001 

.9964 

1.0011 

.9965 

1.0015 

1.S5 

.9998 

.997-^ 

. 9998 

,9964 

1.0012 

.9961 

1.0017 

1.90 

,9999 

.9977 

. 9995 

.9964 

1.0013 

.9957 

1.0018 

1.95 

.9999 

.9977 

. 9993 

.9965 

1.0014 

.9952 

1.0019 

2.00 

.9998 

. 9976 

. 9990 

.9965 

1.0014 

.9948 

1.0020 

2.05 

.9998 

.9976 

. 9907 

.9966 

1.0015 

.9943 

1.0021 

2.10 

.9999 

,9976 

. 9984 

.9966 

1.0015 

.9939 

1.0022 

2.15 

.9999 

.9976 

. 9981 

.9967 

1.0Q15 

.9935 

1.0023 

2.20 

.9 999 

.9976 

.9978 

.9968 

1.0016 

.9930 

1.0023 

2.25 

.9998 

.9976 

. 9975 

.9968 

1.0015 

.9926 

1.0023 

2.30 

.9 999 

,9976 

. 9972 

.9969 

1.0015 

.9922 

1.0024 

2.35 

.9999 

.9976 

.9969 

.9970 

1.0015 

.9917 

1.0024 

2.40 

.9999 

.9976 

.9967 

.9971 

1.D014 

.9913 

1.0024 

2.45 

.9999 

.9976 

.9964 

.9972 

1.0014 

.9909 

1.0024 

2,50 

.9999 

.9976 

.9961 

.9973 

1.0013 

.9905 

1.0024 

2.55 

.9999 

.9976 

.9959 

.9974 

1.0012 

.9902 

1.0023 

2.60 

.9999 

.9977 

. 9956 

.9975 

1.0011 

.9898 

1.0023 

2.65 

.9999 

.9977 

. 9954 

.9975- 

I.QOIQ 

.9894 

1.0022 

2.70 

.9 999 

.9977 

. 9952 

.997-6 

1.0009 

.9891 

1.0021 

2.75 

.9998 

.9977 

.9950 

.9977 

l.QOOS 

.9688 

1.0020 

2.80 

.9999 

.9970 

. 9948 

.9978 

1.QQ07 

.9684 

1.0020 

2.85 

1.0000 

.9978 

.9946 

.9979 

1^0005 

.9881 

1.0019 

2.90 

1.0000 

.9970 

.9944 

.9980 

1.0004 

.9878 

1.0017 

2.95 

1.0000 

,9979 

.9942 

.9981 

1.0002 

.9875 

1.0016 

3.00 

1.0000 

.9979 

. 9940 

.9982 

1.0001 

.9872 

1.0015 


00 



00 

ro 


TABLE IX. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 200 K 
E. PTl = 10. ATM OTl = 17.4L6 KGM/H3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TTI 

DT2/OT1 

1.00 

1.0000 

5.2727 

166.08 

11.086 

10.000? 

200.00 

1.0000 

1.0000 

l.QOOO 

1.0000 

1.0000 

1.0000 

1.05 

.9529 

5.5643 

168.70 

11.518 

9.9987 

200.00 

1.1196 

1.0333 

1.0635 

.9999 

1.0000 

.9999 

I.IQ 

.9113 

5.8217 

170.97 

11.890 

9.9893 

200.00 

1.2449 

1.0659 

1.1681 

.9989 

1.0000 

.9989 

1.15 

• 8746 

6.0427 

172.93 

12.201 

9.9671 

199.96 

1.3756 

1.0978 

1.2532 

.9967 

.9999 

.9967 

1.20 

.8418 

6.2294 

174.64 

12.454 

9.9^86 

199.97 

1.5121 

1.1295 

1.3390 

.9929 

.9998 

• 9929 

1.25 

.8123 

6.3827 

176.15 

12.649 

9.8717 

199.94 

1.6545 

1.1611 

1.4251 

.9872 

.9997 

• 9872 

1.30 

.7857 

6.5032 

177.48 

12.790 

9.7957 

199.91 

1.8026 

1.1928 

1.5114 

.9796 

.9995 

.9796 

1.35 

.7615 

6.5924 

178.65 

12.877 

9.7003 

199.86 

1.9565 

1.2246 

1.5976 

.9700 

.9993 

.9701 

1.40 

.7395 

6.6518 

179.69 

12.915 

9.5859 

199.81 

2.1162 

1.2567 

1.6837 

• 9586 

.9990 

.9587 

1.45 

.7194 

6.6834 

180.61 

12.906 

9.4534 

199.75 

2.2818 

1.2892 

1.7694 

.9453 

.9987 

.9455 

1.50 

.7009 

6.6888 

181.43 

12.854 

9.3041 

199.68 

2.4531 

1.3221 

1.8546 

• 9304 

.9984 

• 9306 

1.55 

.6839 

6.6703 

182.17 

12.762 

9.1391 

199.60 

2.6303 

1.3556 

1.9392 

.9139 

• 9980 

• 9141 

1.60 

.6683 

6.6296 

182.81 

12.634 

6.9605 

199.52 

2.8132 

1.3895 

2.0230 

.8960 

.9976 

.8963 

1.65 

.6538 

6.5691 

183.39 

12.4^4 

8.7695 

199.43 

3.0019 

1.4241 

2.1059 

.8769 

• 9971 

.8772 

1.70 

.640 4 

6.4909 

183.91 

12.285 

8.5676 

199.33 

3.1966 

1.4593 

2.1879 

• 8568 

.9967 

.8571 

1.75 

• 6280 

6.3968 

184.38 

12.071 

8.3570 

199.23 

3.3970 

1.4951 

2.2688 

.8357 

.9962 

• 6361 

1.80 

.6164 

6.2889 

184.79 

11.836 

8.1389 

199.13 

3.6032 

1.5316 

2.3485 

.8139 

.9957 

• 8143 

1.85 

• 6056 

6.1691 

185.16 

11.581 

7.9149 

199.03 

3.8153 

1.5689 

2.4271 

.7915 

.9951 

.7920 

1.90 

.5955 

6.0391 

185.50 

11.311 

7.6866 

198.92 

4.0332 

1.6069 

2.5044 

.7687 

.9946 

• 7692 

1^95 

.5861 

5.9006 

185.79 

11.028 

7 • 4554 

198.81 

4.2569 

1.6457 

2.5603 

.7455 

.9941 

.7461 

2.00 

.5773 

5.7551 

186.06 

10.736 

7.2223 

198.70 

4.4864 

1.6852 

2.6549 

.7222 

.9935 

.7229 

2.05 

.5689 

5.6042 

186.30 

10.435 

6.9884 

198.59 

4.7219 

1.7256 

2.7281 

• 6988 

.9930 

.6995 

2.10 

.5612 

5.4488 

186.52 

10.129 

6.7553 

198.48 

4.9630 

1.7667 

2.7999 

• 6755 

• 9924 

.6762 

2.15 

.5539 

5.2905 

186.71 

9.820 

6.5235 

198.37 

5.2101 

1.8087 

2.8703 

• 6524 

• 9919 

• 6531 

2.20 

.5470 

5.1303 

186.89 

9.509 

6.2940 

198.26 

5.4630 

1.8516 

2.9392 

• 6294 

• 9913 

• 6301 

2.25 

.5405 

4.9690 

187.04 

9.197 

6.0675 

198.15 

5.7217 

1.8953 

3.0066 

• 6067 

• 9908 

• 6075 

2.30 

.5343 

4.8077 

187.19 

8.887 

5. 8443 

198.05 

5.9864 

1.9399 

3.0726 

• 5844 

• 9902 

• 5852 

2.35 

.5285 

4.6469 

187.31 

8.580 

5.6256 

197.94 

6.2568 

1.9853 

3.1371 

• 5626 

• 9897 

• 5633 

2.40 

.5231 

4.4873 

187.43 

8.276 

5.4116 

197.84 

6.5331 

2.0316 

3.2002 

.5412 

• 9892 

• 5419 

2.45 

.5179 

4.3297 

187.54 

7.977 

5.2025 

197.74 

6.8153 

2.0789 

3.2616 

• 5202 

• 9887 

• 5209 

2.50 

.5129 

4.1743 

187.63 

7.684 

4.9987 

197.64 

7.1033 

2.1270 

3.3220 

• 4999 

• 9882 

• 5006 

2.55 

.5083 

4.0217 

187.72 

7.396 

4 . 8005 

197.55 

7.3972 

2.1760 

3.3607 

• 4801 

• 9877 

• 4808 

2.60 

.5038 

3.8722 

187.80 

7.115 

4.6080 

197.45 

7.6970 

2.2260 

3.4380 

• 4608 

• 9873 

• 4615 

2.65 

.4996 

3.7261 

187.87 

6.841 

4.4215 

197.36 

8.0026 

2.2768 

3.4939 

• 4421 

• 9868 

• 4428 

2.70 

.4956 

3.5836 

187.94 

6.575 

4.2409 

197.28 

8.3140 

2.1286 

3.5485 

• 4241 

• 9664 

• 4248 

2.75 

.4918 

3.4450 

188.00 

6.316 

4.0665 

197.19 

8.6313 

2.3813 

3.6017 

• 40 67 

• 9860 

• 4073 

2.80 

.4861 

3.3102 

188.05 

6.065 

3.8981 

197.11 

8.9544 

2.4349 

3.6536 

• 3898 

• 9856 

• 3905 

2.85 

.4847 

3.1796 

188.10 

5.821 

3.7357 

197.03 

9.2835 

2.4895 

3.7041 

• 3736 

• 9852 

• 3742 

2.90 

.4814 

3.0530 

188.15 

5.586 

3.5792 

196.96 

9.6184 

2.5449 

3.7534 

• 3579 

• 9646 

• 3586 

2.95 

.4782 

2.9306 

188.19 

5.359 

3.4287 

196.88 

9.9591 

2.6014 

3.8015 

• 3429 

• 9644 

• 3435 

3.00 

.4752 

2.8123 

188.23 

5.140 

3.2839 

196.81 

10.3057 

2.6587 

3.6483 

• 3284 

• 9841 

• 3290 





TABLE IX. REAL 

-GAS NORAML-SHOCK 

SOLUTIONS FOR 

NITROGEN *T TTl = 

200 K 




e. PTl = 

10. ATM OTl 

a 

17.446 KGH/N3 

coNCLuoeo. 



Ml 

HZ 

P2/P1 

T2/T1 


D2701 

PT2/PT1 

TT2/TT1 

OT2/OT1 







iMTr' rAc M At 




i 



1 U 





1*00 

l.QOQO 

1.0000 

l.OOQQ 


l.OOQQ 

1.0000 

1.0000 

1.0000 

1.05 

.9997 

1.0000 

1.0005 


.9996 

1.0000 

1.0000 

1.0000 

1.10 

• 9994 

. 9999 

1.0D09 


.9992 

1.0000 

1.0000 

1.0000 

1.15 

.9995 

.9996 

l.OOll 


.9986 

1.0000 

.9999 

1.0000 

l.?Q 

.9996 

.9992 

1.0013 


.9980 

l.OOQl 

.9998 

1.0001 

1*25 

.9996 

.9989 

1.0015 


.99^6 

1.0001 

.9997 

1.0002 

1.30 

.9997 

.9987 

1.0016 


.9971 

1.0002 

.9995 

1.0003 

1.35 

.9997 

. 9984 

1.0016 


.9968 

1.0003 

.9993 

1.0004 

l.<«0 

.9998 

.9982 

1.0016 


.9965 

1.0004 

.9990 

1.0QQ5 

1.45 

.9997 

.9980 

1.0016 


.9962 

1.0005 

.9987 

1.0Q07 

1.50 

.9998 

.9979 

1.0015 


.9960 

1.0007 

• 9984 

1.0009 

1.55 

.9997 

.9977 

1.0013 


.9959 

1.0008 

.9980 

1.0010 

1.6G 

.9998 

.9976 

1.0011 


.9957 

1.0009 

.9976 

1.QQ12 

1.65 

.9998 

.9975 

1.0009 


.9956 

l.OQll 

.9971 

1.0014 

1.70 

.9998 

.9974 

1. 0006 


.9955 

1.0012 

.9967 

1.0016 

1.75 

.9990 

.9973 

1.0003 


.9955 

1.0014 

.9962 

1.0018 

1.60 

.9998 

.9972 

1.0000 


.9955 

1.0015 

.9957 

1.0020 

1.85 

.9998 

. 9971 

.9997 


.9955 

1.0016 

.9951 

1.0023 

1*90 

.9998 

.9971 

.9994 


.9955 

1.0017 

• 9946 

1.0024 

1.95 

.9998 

.9970 

.9990 


.9955 

1.0018 

.9941 

1.0026 

2.00 

.9999 

.9970 

.9986 


.9956 

1.0019 

.9935 

1.0026 

2.05 

.9998 

.9970 

.9983 


.9957 

1.0019 

.9930 

1.00 29 

2.10 

.9998 

.9969 

.9979 


.9957 

1.0019 

.9924 

1.0Q30 

2.15 

.9999 

.9969 

.9975 


.9958 

1.0020 

.9919 

1.0031 

2.20 

.9999 

.9969 

.9972 


.9959 

1.0020 

.9913 

1.0031 

2.25 

• 9999 

.9969 

.9968 


.9960 

1.0020 

• 9908 

1.0032 

2.30 

.9998 

.9969 

.9965 


.9961 

1.0Q19 

• 9902 

1.0032 

2.35 

.9999 

.9969 

.9961 


.9962 

1.0019 

.9897 

1.0031 

2.ifr0 

.9999 

.9969 

.9957 


.9964 

1.0019 

.9892 

1*0031 

2.45 

.9999 

.9970 

.9954 


.9965 

1.0018 

.9887 

1.0031 

2.50 

.9999 

.9970 

.9951 


.9966 

1.0017 

• 9882 

1.0031 

2.55 

.9999 

.9970 

.9948 


.9967 

1.0Q16 

.9877 

1.QQ31 

2.60 

.9999 

.9970 

..9945 


.9968 

1.0015 

.9873 

1.0Q3Q 

2.65 

.9999 

.9971 

.9942 


.9969 

1.0013 

• 9668 

1.0029 

2.70 

.9998 

.9971 

.9939 


.9970 

1.0012 

• 9864 

1.0028 

2.75 

.9999 

.9971 

.9936 


.9972 

1.0010 

• 9860 

1.0027 

2.80 

.9999 

.9972 

.9934 


.9973 

1.0009 

• 9856 

1.0026 

2.85 

.9999 

.9972 

.9931 


.9974 

1.0007 

• 9852 

1.0024 

2.90 

.9999 

.9973 

.9929 


.9975 

1.0QQ5 

• 9846 

1.0023 

2.95 

1.0000 

.9973 

.9927 


.9976 

1.0003 

• 9844 

1.0022 

3.00 

1.0000 

.9973 

.9924 


.9977 

1.0001 

.9841 

1.0020 
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table IX* REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 200 K 
F, PTl = 20. ATM OTl = 35.653 KGH/M3 


Ml 

N2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/Dl 

, PT2/PT1 

TT2/TT1 

0T2/0T1 



ATM 

K 

KGM/H3 

ATM 

K 







l.QO 

1.0000 

10.5204 

165.53 

22.725 

20.0027 

200.00 

1.0000 

1.0000 

1.0000 

1.0001 

1.0000 

1.0001 

1.05 

.9525 

11.1045 

168.19 

23.607 

19.9995 

200.00 

1.1195 

1.0337 

1.0830 

1.0000 

1.0000 

1.0000 

1.10 

.9111 

11.6149 

170.46 

24.361 

19.9810 

199.99 

1.2442 

1.0665 

1.1665 

• 9991 

1.0000 

.9990 

1.15 

.8745 

12.0544 

172.43 

24.991 

19.9374 

199.97 

1.3743 

1.0987 

1.2506 

• 9969 

.9999 

• 9969 

1.20 

.8418 

12.4274 

174.15 

25.504 

19.8615 

199.94 

1.5102 

1.1306 

1.3354 

• 9931 

.9997 

• 9931 

1.25 

.8123 

12.7340 

175.65 

25.902 

19.7495 

199.89 

1.6516 

1.1624 

1.4205 

.9675 

• 9994 

.9875 

1.30 

.7856 

12.9766 

176.97 

26.189 

19.5993 

199.82 

1.7993 

1.1942 

1.5058 

• 9600 

• 9991 

• 9801 

1.35 

.7614 

13.1575 

178.13 

26.370 

19.4113 

199.74 

1.9525 

1.2261 

1.5912 

• 9706 

.9967 

• 9706 

1.40 

.7394 

13.2793 

179.14 

26.450 

19.1851 

199.63 

2.1115 

1.2562 

1.6764 

.9593 

• 9982 

• 9596 

1.45 

.7192 

13.3456 

180.03 

26.435 

18.9229 

199.52 

2.2763 

1.2907 

1.7613 

.9461 

• 9976 

• 9466 

1.50 

.7008 

13.3597 

180.80 

26.333 

18.6274 

199.38 

2.4466 

1.3235 

1.6457 

• 9314 

• 996B 

• 9320 

1.55 

.6838 

13.3264 

181.49 

26.150 

18.3006 

199.23 

2.6231 

1.3567 

1.9295 

.9150 

• 9962 

.9157 

1.60 

.6682 

13.2489 

182.08 

25.893 

17.9462 

199.07 

2.8052 

1.3904 

2.0126 

• 6973 

• 9954 

• 6982 

1.65 

.6537 

13.1319 

182.60 

25.571 

17.5666 

198.90 

2.9931 

1.4246 

2.0950 

• 6763 

• 9945 

• 6793 

1.70 

• 6403 

12.9766 

183.05 

25.185 

17.1627 

198.72 

3.1667 

1.4594 

2.1763 

.6561 

• 9936 

.6592 

1.75 

.6278 

12.7922 

183.44 

24.753 

16.7433 

198.52 

3.3863 

1.4946 

2.2566 

• 6372 

• 9926 

• 6384 

1.60 

• 6163 

12.5797 

183.77 

24.275 

16.3092 

196.32 

3.5916 

1.5309 

2.3361 

• 6155 

• 9916 

• 6166 

1.85 

• 6054 

12.3433 

184.06 

23.759 

15.8626 

198.12 

3.8026 

1.5676 

2.4144 

.7931 

• 9906 

• 7946 

1.90 

• 5954 

12.0859 

184.31 

23.210 

15.4073 

197.91 

4.0197 

1.6050 

2.4914 

• 7704 

• 9695 

.7719 

1.95 

• 5860 

11.8112 

184.52 

22.634 

14.9456 

197.69 

4.2425 

1.6431 

2.5672 

• 7473 

• 9665 

• 7469 

2.00 

.5771 

11.5223 

184.70 

5^2.037 

14.4795 

197.48 

4.4712 

1.6620 

2.6416 

• 7240 

.9674 

• 7257 

2.05 

• 5688 

11.2218 

164.85 

21.424 

14.0124 

197.26 

4.7057 

1.7216 

2.7148 

• 7006 

.9663 

• 7024 

2.10 

.5611 

10.9125 

184.97 

20.799 

13.5459 

197.04 

4.9460 

1.7620 

2.7666 

.6773 

• 9652 

• 6792 

2.15 

• 5538 

10.5968 

185.07 

20.166 

13.0817 

196.82 

5.1922 

1.8032 

2.8570 

• 6541 

• 9641 

• 6560 

2.20 

.5468 

10.2768 

185.15 

19.529 

12. 6214 

196.60 

5.4442 

1.6453 

2.9260 

• 6311 

• 9630 

• 6330 

2.25 

• 5404 

9.9545 

185.21 

18.892 

12.1672 

196.39 

5.7021 

1.8881 

2.9935 

• 6064 

• 9619 

• 6104 

2.30 

.5342 

9.6316 

185.26 

18.256 

11. 7201 

196.18 

5.9659 

1.9318 

3.0597 

• 5860 

• 9809 

• 5860 

2.35 

• 5284 

9.3096 

185.29 

17.626 

11.2810 

195.97 

6.2355 

1.9763 

3.1244 

• 5640 

.9796 

• 5661 

2.40 

.5230 

8.9900 

185.32 

17.002 

10.8510 

195.76 

6.5110 

2.0217 

3.1677 

• 5425 

• 97 86 

• 5446 

2.45 

.5177 

8.6739 

185.33 

16.387 

10. 4307 

195.56 

6.7924 

2.0679 

3.2495 

.5215 

.9776 

• 5236 

2.50 

.5128 

8.3623 

185.34 

15.784 

10.0213 

195.36 

7.0797 

2.1151 

3.3100 

• 5011 

.9766 

• 5031 

2.55 

.5082 

8.0560 

185.34 

15.192 

9.6228 

195.17 

7.3728 

2.1631 

3.3690 

• 4611 

• 9758 

• 4631 

2.60 

.5037 

7.7559 

185.33 

14.614 

9.2358 

194.96 

7.6718 

2.2120 

3.4266 

• 4616 

.9749 

• 4636 

2.65 

.4995 

7.4624 

185.32 

14.050 

8.8607 

194.80 

7.9767 

2.2618 

3.4629 

• 4430 

• 9740 

• 4450 

2.70 

.4955 

7.1761 

185.30 

13.501 

8.4975 

194.62 

3.2875 

2.3126 

3.5377 

• 4249 

• 9731 

• 4266 

2.75 

.4917 

6.8975 

185.28 

12.967 

8.1464 

194.45 

8.6042 

2.3642 

3.5913 

• 4073 

.9722 

• 4092 

2.80 

• 4880 

6.6267 

185.26 

12.450 

7. 8075 

194.28 

8.9266 

2.4166 

3.6435 

• 3904 

• 9714 

• 3922 

2.65 

• 4846 

6.3640 

185.24 

11.949 

7.4807 

194.12 

9.2552 

2.4703 

3.6944 

• 3740 

.9706 

.3756 


LAST POINT AT SATURATION BOUNDARY 





TABLE tX. REAL'GAS 

NORAHL*SHOCK 

SOLUTIONS FOR NITROGEN AT TTl = 

200 K 




F. PTl = 20. 

ATH OTl = 

35.653 KGH/N3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02701 

PT2/PT1 

TT2/TT1 

0T2/0T1 












••Kc.LATiVt lU 

1 lUcAL UlA lunii,/ 

(jAo wALUt**' 



1.00 

1.0000 

1.0000 

1.0000 

l.QQQO 

1.0001 

1.0000 

1.0001 

1.05 

.9994 

l.QQOD 

1.0009 

.9991 

1.0001 

1.0000 

1.0001 

1.10 

.9993 

.9994 

1.0015 

.9978 

1.0001 

1.0000 

1.0001 

1.15 

.9994 

• 9986 

1.0020 

.9965 

1.0002 

.9999 

1.0002 

1.20 

.9995 

.9979 

1.0023 

.9954 

1.0003 

.9997 

1.0003 

1.25 

• 9996 

.9973 

1.0026 

.9944 

1.0004 

.9994 

1.0005 

1.30 

.9996 

.9968 

1.0028 

.9935 

1.0006 

.9991 

1«0007 

1.35 

• 9996 

• 9964 

1.0029 

.9928 

1.0009 

.9987 

1.0011 

1.40 

.9996 

.9960 

1.0028 

.9921 

1.0011 

• 9982 

1.0015 

1.45 

• 9996 

.9956 

1.0027 

.9916 

1.0014 

.9976 

1.0019 

1.50 

• 9996 

.9953 

1.0025 

.9912 

1.0017 

.9969 

1.0023 

1.55 

• 9996 

.9950 

1.0021 

• 990 9 

1.0020 

.9962 

1.0028 

1.60 

.9996 

.9947 

1. 0017 

.9906 

1.0024 

.9954 

1.0033 

1.65 

.9996 

.9945 

1.0013 

• 9904 

1.0027 

.9945 

1.0038 

1.70 

.9996 

.9943 

1.0007 

.990 3 

1.0028 

.9936 

1.0041 

1.75 

• 9996 

.9942 

1.0002 

.9902 

1.0031 

.9926 

1.0046 

1.60 

• 9996 

• 9940 

.9995 

.9902 

1.0034 

.9916 

1.0051 

1.65 

.9995 

.9939 

.9989 

.9903 

1.0037 

.9906 

1.0055 

1.90 

• 9996 

.9938 

.9982 

• 990 4 

1.0039 

.9895 

1.0060 

1.95 

.9996 

.9937 

.9975 

.990 5 

1.0041 

• 9885 

1.0064 

2.00 

.9995 

.9936 

.9967 

• 9906 

1.0043 

.9874 

1.0067 

2.05 

• 9996 

.9936 

• 9960 

.9908 

1.0045 

• 9863 

1.0071 

2.10 

• 9996 

.9935 

.9952 

.9910 

1.0046 

.9852 

1.0074 

2.15 

.9997 

♦ 9935 

.9945 

.9912 

1.0047 

• 9841 

1.0076 

2.20 

.9996 

.9935 

.9938 

.9915 

1.0047 

• 9830 

1.0078 

2.25 

• 9996 

.9935 

• 9930 

.9917 

1.0047 

• 9819 

1.0080 

2.30 

.9997 

.9935 

.9923 

.9920 

1.0046 

• 9809 

1.0081 

2.35 

.9997 

.9935 

.9916 

.9922 

1.0046 

.9798 

1.008? 

2.40 

.9997 

.9936 

. 9909 

.992 5 

1.0044 

.9788 

1.0082 

2.45 

.9997 

.9936 

.9902 

.9927 

1.0043 

.9778 

1.0082 

2.50 

.9997 

.9937 

.9895 

.9930 

1.0041 

.9768 

1.0081 

2.55 

.9997 

.9937 

.9889 

.9933 

1.0039 

.975 8 

1.0080 

2.60 

.9997 

.9938 

.9882 

.9935 

1.0036 

.9749 

1.0079 

2.65 

.9997 

.9938 

.9876 

.993 8 

1.0033 

.9740 

1.0077 

2.70 

.9997 

.9939 

.9871 

.99t»0 

1.0030 

.9731 

1.0075 

2.75 

.9997 

• 9940 

• 9865 

.994 3 

1.0027 

.9722 

1.0073 

2.80 

.9997 

.9941 

.9860 

.9945 

1.0023 

• 9714 

1.0070 

2.05 

.9998 

.9942 

.9855 

.994 8 

1.0019 

• 9706 

1.0067 


LAST POINT AT SATURATION BOUNDARY 


oo 

ON 


TABLE IX, REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 200 K 


G, PTl = 30. ATM DTI = 5%,619 KGN/H3 


HI 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OTI 



ATH 

K 

KGM/M3 

ATM 

K 







1,00 

1.0000 

15.7293 

165.03 

34.939 

30.0014 

200.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

l.OS 

.9521 

16.6064 

167.72 

36.289 

29.9962 

200,00 

1.1195 

1.0341 

1.0822 

.9999 

l.QOQO 

.9999 

1.10 

.9111 

17.3607 

169.98 

37.423 

29.9693 

199.99 

1.2431 

1.0670 

1.1644 

• 9990 

.9999 

.9989 

1,15 

.8745 

18.0180 

171.96 

38.382 

29.9052 

199.96 

1.3726 

1.0994 

1.2474 

• 9968 

• 9998 

.9969 

i#20 

.8417 

18.5768 

173.68 

39.164 

29.7933 

199.91 

1.5079 

1.1315 

1.3310 

.9931 

.9996 

.9932 

1.25 

.8122 

19.0379 

175.18 

39.772 

29.6279 

199.84 

1.6488 

1.1634 

1.4150 

.9876 

.9992 

.9877 

1.30 

.7855 

19.4049 

176.49 

40.214 

29.4068 

199.74 

1.7955 

1.1952 

1.4992 

• 9802 

.9987 

• 9806 

1.35 

.7613 

19.6798 

177.63 

40.494 

29.1285 

199.62 

1.9480 

1.2271 

1.5834 

.9710 

.9981 

• 9715 

1.40 

.7392 

19.8675 

178.62 

40.622 

28.7943 

199.48 

2.1061 

1.2592 

1.6676 

.9598 

.9974 

.9605 

1.45 

.7191 

19.9730 

179.48 

40.607 

26.4-066 

199.31 

2.2700 

1.2916 

1.7514 

.9469 

.9965 

.9478 

1.50 

.7006 

20,0016 

180.22 

40.459 

27.9685 

199.12 

2.4397 

1.3242 

1.8349 

.9323 

• 9956 

.9334 

1.55 

.6836 

19.9589 

180.85 

40.189 

27.4847 

198.91 

2.6151 

1.3572 

1.9179 

.9162 

.9945 

.9176 

1.60 

.6679 

19.8500 

181.40 

39.807 

26.9588 

198.68 

2.7962 

1.3906 

2.0003 

• 8986 

.9934 

.9004 

1.65 

.6534 

19.6822 

181.86 

39.324 

26.3949 

198.43 

2.9832 

1.4245 

2.0819 

.8798 

.9921 

• 8818 

1.70 

.6401 

19.4602 

182.25 

38.751 

25.7989 

198.16 

3.1759 

1.4589 

2.1628 

• 8600 

.9908 

• 8622 

1.75 

• 6276 

19.1906 

182.57 

38.098 

25.1744 

197.88 

3.3745 

1.4938 

2.2427 

• 8391 

• 9894 

• 8416 

1.80 

• 6160 

18.8784 

182.83 

37.375 

24.5271 

197.59 

3.5788 

1.5294 

2.3217 

• 8176 

.9880 

• 8203 

1.85 

.6052 

18.5297 

183.05 

36.592 

23. 8605 

197,29 

3.7890 

1.5655 

2.3996 

.7953 

.9865 

.7983 

1.90 

.5951 

18.1489 

183.21 

35.758 

23.1801 

196.99 

4.0049 

1.6023 

2.4764 

.7727 

• 9849 

.7758 

1.95 

.5857 

17.7417 

183.34 

34.882 

22.4886 

196.67 

4.2268 

1.6398 

2.5520 

.7496 

• 9834 

.7530 

2.00 

.5769 

17.3120 

183.43 

33.972 

21. 7913 

196.35 

4.4544 

1.6779 

2.6264 

.7264 

• 9818 

.7299 

2.05 

• 5686 

16.8644 

183.49 

33.035 

21.0910 

196.03 

4.6879 

1.7168 

2.6996 

.7030 

• 9801 

.7067 

2.10 

• 5608 

16.4031 

183.52 

32.078 

20.3901 

195. 70. 

4.9273 

1.7564 

2.7714 

.6797 

.9785 

• 6834 

2.15 

.5535 

15.9312 

183.53 

31.109 

19.6932 

195.38 

5.1726 

1.7968 

2.8420 

• 6564 

.9769 

.6603 

2.20 

• 5466 

15.4523 

183.51 

30.131 

19.0018 

195.05 

5.4237 

1.8379 

2.9111 

• 6334 

.9753 

.6373 

2.25 

• 5401 

14.9694 

183.49 

29.152 

18.3177 

194.73 

5.6807 

1.8798 

2.9789 

• 6106 

.9737 

.6146 

2.30 

• 5340 

14.4849 

183.44 

28.174 

17.6447 

194.41 

5.9435 

1.9226 

3.0453 

.5882 

.9721 

,5922 

2.35 

.5282 

14.0015 

183.38 

27.204 

16.9834 

194.10 

6.2123 

1.9661 

3,1103 

• 5661 

• 9705 

.5701 

2.40 

.5228 

13.5210 

183.31 

26.243 

16.3353 

193.79 

6.4869 

2.0105 

3.1739 

.5445 

.9689 

.5485 

2.45 

.5176 

13.0455 

183.23 

25.295 

15.7018 

193.48 

6.7675 

2.0557 

3.2361 

• 5234 

.9674 

.5274 

2.50 

• 5126 

12.5763 

183.15 

24.363 

15.0837 

193.18 

7.0539 

2.1018 

3.2969 

.5028 

.9659 

.5068 

2.55 

• 5080 

12.1150 

183.06 

23.449 

14.4824 

192.89 

7.3463 

2.1488 

3.3564 

• 4827 

.9645 

• 4867 

2.60 

.5036 

11.6626 

182.96 

22.555 

13. 8980 

192.61 

7*6446 

2.1966 

3.4144 

• 4633 

• 9630 

• 4671 

2.65 

• 4993 

11.2201 

182.86 

21.683 

13. 3314 

192.33 

7.9487 

2.2454 

3.4710 

• 4444 

• 9616 

.4482 
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TABLE IX* REAL-GAS NORAML-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 200 K 


G* PTl = 30. ATM OTl = 54*619 KGM/H3 CONCLUDED. 


Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

DT2/DT1 












*— — — KtLA 1 iwC. I U 

lULAL. UlAlunltf 

V>Ao VAuUt— — ■ 



1.00 

1.0000 

1.0000 

1.0000 

l.OQOQ 

1.0000 

l.OQOa 

1.0000 

1*05 

.9990 

• 9999 

1*0012 

.9984 

1.0000 

l.QOOQ 

1.0000 

1*10 

.9993 

.9985 

1.0019 

.9960 

1.0000 

.9999 

1.0000 

1*15 

.9994 

.9974 

1*0026 

*9939 

1.0002 

.9990 

1.0002 

1*20 

.9994 

.9964 

1.0031 

.9921 

1.0003 

*9996 

1.0004 

1*25 

*9995 

.9955 

1*0034 

.990 5 

1.0005 

.9992 

1.0007 

1*30 

.9994 

*9948 

1.0037 

.9891 

1.0009 

.9987 

1.0012 

1*35 

.9994 

*9941 

1.0037 

.9879 

1.0013 

*9981 

1.0018 

1*40 

• 9994 

.9934 

1.0036 

.9869 

1.0017 

.9974 

1.0024 

1.45 

.9993 

.9929 

1.0034 

.9861 

1.0022 

.9965 

1.0031 

1*50 

.9993 

.9924 

1.0030 

.9854 

1.0027 

*9956 

1.0039 

1*55 

.9992 

.9920 

1.0025 

.9849 

1.0032 

*9945 

1.0049 

1*60 

.9993 

.9916 

1.0019 

.9845 

1.0038 

.9934 

1.00 58 

1*65 

.9992 

.9912 

1.0012 

.9843 

1.0044 

.9921 

1.0067 

1.70 

.9992 

.9909 

1.0004 

.9841 

1.B050 

.9908 

1.0076 

1.75 

.9992 

.9907 

.9995 

.9841 

1.0055 

.9894 

1.0085 

1*80 

.9992 

.9904 

.9986 

.9841 

1.0060 

.9880 

1.0094 

1.B5 

.9992 

.9903 

.9976 

.9842 

1.0065 

.9865 

1.0102 

1*90 

.9992 

.9901 

.9965 

.9844 

1.0069 

.9849 

1.0110 

1*95 

.9991 

*9900 

.9954 

.9846 

1.0073 

*9834 

1.0118 

2*00 

.9992 

.9899 

.9943 

.9849 

1.0076 

.9810 

1.0125 

2*05 

.9992 

*9098 

.9932 

.9852 

1.0079 

.9801 

1.0132 

2*10 

.9991 

.9898 

*9921 

.9856 

1.0081 

.9785 

1.0137 

2.15 

.9992 

.9897 

.9909 

*9860 

1.0083 

.9769 

1.0142 

2.20 

.9992 

.9897 

.9898 

.9864 

1.0084 

.9753 

1.0146 

2.25 

.9991 

*9897 

.9887 

.9868 

1.0084 

.9737 

1.0149 

2.30 

.9992 

*9898 

.9876 

.9873 

1.0083 

.9721 

1.0152 

2*35 

.9993 

.9898 

.9865 

.9877 

1.0082 

• 9705 

1.0154 

2.40 

.9993 

*9899 

.9854 

.988? 

1.0081 

• 9689 

1.0155 

2*45 

.9993 

.9899 

• 9843 

• 9886 

1.0079 

.9674 

1.0156 

2.50 

.9993 

*99(M 

• 9833 

.9891 

1.0076 

.9659 

1.0155 

2.5S 

.9994 

*9901 

.9823 

.9895 

1.0072 

• 9645 

1.0154 

2.60 

.9994 

.9902 

• 9814 

.9900 

1.0068 

• 9630 

1.0152 

2.65 

.9994 

.9903 

• 9804 

*9914 

1.0064 

.9616 

1.0150 
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TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 250 K 


A, PTl = !• ATM OTl = 1.367 KGM/M3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

RT2 

ATM 

TT2 

K 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

OT2/OT1 

1.00 

1.0000 

.5281 

208.27 

.867 

l.QOOO 

250.00 

1. 0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9531 

.5573 

211.50 

.900 

.9999 

250.00 

1.1196 

1.0329 

1.0839 

.9999 

1.0000 

.9999 

1.10 

.9118 

.5830 

214.30 

.930 

.9989 

250.00 

1.2450 

1.0650 

1.1690 

.9989 

1.0000 

.9989 

1.15 

.8750 

.6052 

216. 7«* 

.954 

.9967 

250.00 

1.3762 

1.0967 

1.2549 

.9967 

1.0000 

.9967 

1.20 

.8421 

.62^9 

218.89 

.974 

.9928 

250.00 

1.5133 

1.1281 

1.3414 

.9928 

1.0000 

.9928 

1.25 

.8126 

.6393 

220.78 

.989 

.9871 

250.00 

1.6562 

1.1595 

1.4282 

.9871 

1.0000 

.9871 

1.30 

.7859 

.6513 

222.46 

l.QQl 

.9^94 

249.99 

1.8050 

1.1911 

1.5153 

.9794 

1.0000 

.9794 

1.35 

.7617 

.6602 

223.95 

1.007 

.9698 

249.99 

1.9595 

1.2228 

1.6023 

.9698 

1.0000 

• 9698 

1.40 

.7396 

.6661 

225.29 

1.010 

.9582 

249.99 

2.1199 

1.2549 

1.6891 

.95 82 

.9999 

.9582 

1.45 

.7195 

.6692 

226.49 

1.010 

.9449 

249.98 

2.2862 

1.2874 

1.7755 

.9449 

.9999 

.9449 

1.50 

.7010 

.6696 

227.57 

1.005 

. 9299 

249.98 

2.4582 

1.3205 

1.8613 

.9299 

.9999 

.9298 

1.55 

.6840 

.6676 

228.54 

.998 

.9133 

249.97 

2.6361 

1.3540 

1.9465 

.9133 

.9999 

.9133 

1.60 

.6684 

.6634 

229.43 

.988 

. 8953 

249.97 

2.8198 

1.3882 

2.0309 

.8953 

.9999 

.8953 

1.65 

.6539 

.6573 

230.23 

.975 

.8761 

249.96 

3.0094 

1.4230 

2.1143 

.8761 

.9998 

.8761 

1.70 

.6405 

.6493 

230.97 

.961 

.8558 

249.95 

3.2047 

1.4586 

2.1967 

.8558 

.9998 

.8559 

1.75 

.6280 

.6398 

231 .64 

.944 

.8347 

249.95 

3.4059 

1.4948 

2.2780 

.8347 

.9998 

• 8348 

1.80 

.6164 

.6289 

232.26 

.925 

. 8128 

2h9.94 

3.6130 

1.5318 

2.3581 

.8128 

.9998 

.8129 

1.85 

.6056 

• 6168 

232.82 

.905 

.7904 

249.93 

3.8258 

1.5695 

2.4369 

.7904 

.9997 

.7905 

1.90 

.5956 

.6037 

233.34 

• 884 

.7675 

249.93 

4. 0445 

1.6081 

2.5144 

.7675 

.9997 

.7676 

1.95 

.5861 

.5898 

233.82 

.862 

.7444 

249.92 

4.2691 

1.6474 

2.5906 

.7444 

.9997 

.7445 

2.00 

.5773 

.5752 

234.27 

.839 

.7211 

249.91 

4.4994 

1.6876 

2.6653 

.7211 

.9996 

.7212 

2.05 

.5690 

.5601 

234.68 

.815 

.6977 

249.90 

4.7356 

1.7286 

2.7387 

.6977 

.9996 

.6978 

2.'10 

.5612 

.5445 

235.06 

.791 

.6744 

249.90 

4.9777 

1.7705 

2.8105 

.6744 

.9996 

.6745 

2.15 

.5539 

.5287 

235.42 

.767 

.6513 

249.89 

5.2255 

1.8132 

2.8809 

• 6513 

.9996 

• 6514 

2.20 

.5470 

.5126 

235.75 

.743 

.6283 

249.88 

5.4792 

1.8568 

2.9498 

.6283 

.9995 

• 6285 

2.25 

.5405 

.4965 

236.06 

.718 

.6057 

249.88 

5.7388 

1.9013 

3.0172 

.6057 

.9995 

.6059 

2.30 

.5344 

.4804 

236.35 

.694 

.5835 

249.87 

6.0041 

1.9467 

3.0831 

.5835 

.9995 

• 5836 

2.35 

.5286 

.4643 

236.62 

.670 

.5617 

249.86 

6.2753 

1.9930 

3.1475 

.5617 

.9994 

• 5618 

2.40 

.5231 

.4484 

236.87 

.647 

.5404 

249.86 

6.5524 

2.0402 

3.2104 

• 5404 

.9994 

• 5405 

2.45 

.5179 

• 4326 

237.11 

.623 

.5195 

249.85 

6.8353 

2.0883 

3.2719 

.5195 

.9994 

• 5196 

2.50 

.5130 

.4172 

237.33 

.60 0 

.4992 

249.84 

7.1240 

2.1373 

3.3319 

.4992 

.9994 

.4993 

2.55 

.5083 

.4019 

237.54 

.578 

.4795 

249.84 

7.4185 

2.1872 

3.3904 

.4795 

.9993 

.4796 

2.60 

.5039 

.3870 

237.74 

.556 

• 4603 

249.83 

7.7189 

2.2380 

3.4475 

• 4603 

.9993 

• 4604 

2.65 

.4997 

.3725 

237.93 

.535 

.4418 

249.82 

8.0251 

2.2898 

3.5033 

• 4418 

.9993 

.4419 

2.70 

.4957 

.3583 

238.11 

.514 

.4238 

249.82 

8.3372 

2.3425 

3.5576 

.4238 

.9993 

.4239 

2.75 

.4918 

.3 445 

238.27 

.494 

. 4064 

249.81 

8.6550 

2.3961 

3.6105 

• 40 64 

.9993 

• 4065 

2.60 

•4882 

• 3310 

238.43 

.474 

.3 897 

249.81 

8.9788 

2.4507 

3.6622 

.3897 

• 9992 

• 3898 

2.65 

.4847 

• 3180 

238.58 

.455 

.3735 

249.80 

9.3083 

2.5062 

3.7125 

.3735 

.9992 

.3736 

2.90 

.4814 

• 3054 

238.72 

.437 

.3579 

249.80 

9.6457 

2.5626 

3.7615 

.3579 

.9992 

• 3580 

2.95 

• 4783 

.2932 

238.85 

.419 

.3429 

249.79 

9.9850 

2.6200 

3.8093 

.3429 

.9992 

• 3430 

3.00 

.4752 

.2814 

238.98 

• 402 

.3285 

249.79 

10.3320 

2.6783 

3.8559 

.3285 

.9992 

• 3286 



TABLE X. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl x ZSQ K 


A. PTl X 1. ATN OTl X 1.367 KGH/H3 CONCLUDED. 


Ml 

M 2 

P 2 / P 1 

T 2 / T 1 

02/01 

PT 2 / PT 1 

TT 2 / TT 1 

OT 2 / OT 1 




ArTttr Trt 

TnCAl •nTATHMT/* 

ftk'C UAI lie... 
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1*00 

l.DOOO 

l.OQOQ 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

1.0000 

1 . 0000 

1,0000 

.9999 

1.0808 

1.0000 

1.0000 

1.10 

1.0000 

1.0000 

1.0001 

.9999 

1.0000 

1.0000 

1.0000 

1.15 

1.0000 

1.0000 

1.0001 

.9999 

1.0000 

1.0800 

1.0000 

1.20 

1.0000 

l.OQOQ 

1.0001 

.9998 

1.0000 

1.0000 

1.0000 

1.25 

.9999 

i.OQQO 

1.0001 

.9998 

1.0000 

1.0000 

1.0008 

1.30 

.9999 

1.0000 

1.0002 

.9997 

1.0000 

1.0000 

1.0000 

1.35 

.9999 

1.0000 

1.0002 

.9997 

1.0000 

l.OOQO 

1.0000 

1.40 

.9999 

1.0000 

1 . 0002 

.9997 

1.0000 

.9999 

1.0000 

1.45 

.9999 

l.OQOQ 

1.0002 

.9996 

1.0001 

.9999 

l.'OOOO 

1.50 

.9999 

l.QOOQ 

1.0002 

.9996 

1.0001 

.9999 

1.0000 

1.55 

.9999 

.9999 

1.0002 

.9996 

1.0001 

• 9999 

1.0001 

1.60 

.9999 

.9999 

1.0002 

.9996 

1.0001 

.9999 

1.0002 

1.65 

.9999 

.9999 

1.0002 

.9996 

1.0001 

.9998 

1.0002 

1.70 

.9999 

.9999 

1.0002 

.9995 

l.OOOl 

• 9998 

1.0002 

1.75 

.9999 

.9999 

1.0001 

.9995 

1.0002 

.9998 

1.0002 

1.80 

.9999 

.9999 

1.0001 

.9995 

1.0002 

.9998 

1.0003 

1.85 

.9999 

.9999 

1.0001 

.9995 

1.0002 

.9997 

1.0003 

1.90 

.9999 

.9999 

l.OOOl 

.9995 

1.0002 

.9997 

1 . 0 B 03 

1.95 

.9999 

.9999 

1,0001 

.9995 

1.0002 

.9997 

1.0004 

2.00 

.9999 

.9999 

1.0001 

.9995 

1.0003 

• 9996 

1.0004 

2.05 

.9999 

.9999 

1.0000 

.9995 

1.0003 

.9996 

1.0004 

2.10 

.9999 

.9999 

1,0000 

.9995 

1.0003 

• 9996 

1.0005 

2.15 

.9999 

.9999 

1.0000 

.9995 

1.0003 

.9996 

1.0005 

2.20 

.9999 

.9999 

1.0000 

.9995 

1.0003 

.9995 

1.0005 

2.25 

1.0000 

.9999 

l.QQOO 

.9995 

1.0004 

.9995 

1.0005 

2.30 

1. 0000 

.9999 

1.0000 

.9995 

1.0004 

.9995 

1.0006 

2.35 

1.0000 

.9999 

.9999 

.9995 

1.0004 

.9994 

1.0006 

2.40 

1.0000 

.9999 

.9999 

.9995 

1.0004 

.9994 

1.0006 

2.45 

1.0000 

.9999 

.9999 

.9996 

1.0004 

• 9994 

1.0006 

2.50 

1.0000 

.9999 

.9999 

.9996 

1.0004 

• 9994 

1.0007 

2.55 

1.0000 

.9999 

.9999 

.9996 

1.0004 

.9993 

1.0807 

2.60 

1.0000 

.9999 

.9999 

.9996 

1.0005 

• 9993 

1.0007 

2.65 

1.0000 

.9999 

.9998 

.9996 

1.0005 

.9993 

1.0007 

2.70 

l.OOOl 

.9999 

.9998 

.9996 

1.0005 

.9993 

1.0007 

2.75 

1.0001 

.9999 

.9998 

.9996 

1.0005 

• 9993 

1.0000 

2.80 

1.0001 

.9999 

.9998 

.9996 

1.0005 

.9992 

1 . 0001 ^ 

2.85 

1.0001 

.9999 

.9998 

.9996 

1.0005 

.9992 

1.0000 

2.90 

1.0001 

.9999 

.9998 

.9996 

1.0005 

.9992 

1.0008 

2.95 

1.0001 

.9999 

.9998 

.9997 

1.0005 

.9992 

1.0008 

3.00 

1.0001 

.9999 

.9998 

.9997 

1.0005 

• 9992 

1.0000 
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TABLE t. REAL*GAS N0R*1AL«-SH0CK SOLUTIONS FOR NITROGEN AT TTi « 2$0 K 


B. PTl * 3, ATH OTl » >.10f KCH/N3 


HI 

H2 

P2 

ATN 

T2 

K 

D2 

KGN/N3 

PT2 

ATN 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TT1 

0T2/0T1 

1*00 

1.0000 

1.5837 

288.16 

2.605 

3.0000 

250.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9531 

1.6711 

211.40 

2.707 

2.9996 

250.00 

1.1196 

1.0329 

1.0836 

• 9999 

1.0000 

• 9999 

1«10 

• 9117 

1.7481 

214.28 

2.794 

2.9968 

250.00 

1.2450 

1.0651 

1.1607 

• 9989 

1.0000 

.9989 

1.15 

.8749 

1.8148 

216.65 

2.868 

2.9901 

250.00 

1.3762 

1JI969 

1.2545 

• 9967 

1.0000 

• 9967 

1.20 

•8420 

1.8711 

218.80 

2.928 

2.9785 

249.99 

1.5133 

1.1284 

1.3409 

• 9928 

1.0000 

• 9928 

1.25 

• 8125 

1.9172 

220.69 

2.974 

2.9613 

249.99 

1.6562 

1.1598 

1.4276 

.9871 

1.0000 

.9871 

1*30 

.7858 

1.9534 

222.37 

3.007 

2.9303 

249.98 

1.8049 

1.1914 

1.5145 

.9794 

• 9999 

• 9794 

1.35 

.7615 

1.9801 

223.86 

3.028 

2.9094 

249.97 

1.9594 

1.2231 

1.6014 

• 9698 

• 9999 

.9699 

1«<»0 

.7395 

1.9977 

225.19 

3.037 

2.8749 

249.96 

2.1196 

1.2552 

1.6880 

• 9583 

.9998 

• 9584 

1.4S 

.7194 

2.0070 

226.39 

3.035 

2.8350 

249.95 

2.2858 

1.2878 

1.7742 

• 9450 

.9998 

.9451 

1.50 

• 7009 

2.0084 

227.46 

3.022 

2.7899 

249.93 

2.4577 

1.3208 

1.8599 

• 9300 

.9997 

• 9301 

1.55 

•6840 

2.0024 

228.43 

3.000 

2.7403 

249.92 

2.6354 

1.3543 

1.9449 

.9134 

.9997 

.9135 

1.60 

• 6684 

1.9900 

229.31 

2.970 

2.6865 

249.90 

2.8190 

1.3885 

2.0291 

• 8955 

• 9996 

• 6956 

1.65 

.6539 

1.9716 

230.10 

2.932 

2.6289 

249.88 

3.0085 

1.4233 

2.1125 

• 8763 

.9995 

• 8765 

1.70 

• 6405 

1.9478 

230.83 

2.888 

2.5603 

249.86 

3.2037 

1.4587 

2.1947 

• 8561 

.9995 

• 8563 

1.75 

• 6280 

1.9194 

231.49 

2.837 

2.5049 

249.84 

3.4049 

1.4950 

2.2760 

• 8350 

.9994 

• 8351 

l.SO 

• 6164 

1.8868 

232.10 

2.781 

2.4393 

249.82 

3.6118 

1.5319 

2.3559 

• 8131 

.9993 

.8133 

1.B5 

• 6056 

1.8506 

232.65 

2.721 

2.3720 

249.80 

3.8245 

1.5696 

2.4347 

.7907 

• 9992 

.7909 

1.90 

•5955 

1.8114 

233.16 

2.658 

2.3035 

249.78 

4.0431 

1.6081 

2.5121 

• 7678 

.9991 

• 7681 

1.95 

.5861 

1.7697 

233.63 

2.591 

2.2341 

249.76 

4.2675 

1.6473 

2.5882 

.7447 

.9990 

• 7450 

2.00 

.5773 

1.7260 

234.06 

2.522 

2.1642 

249.74 

4.4978 

1.6874 

2.6629 

.7214 

.9990 

.7217 

2.05 

• 5690 

1.6806 

234.46 

2.452 

2.0942 

249.72 

4.7338 

1.7284 

2.7362 

.6981 

.9989 

• 6964 

2.10 

• 5613 

1.6340 

234.84 

2.380 

2.0243 

249.69 

4.975.8 

1.7702 

2.8081 

.6748 

• 9988 

.6751 

2.15 

• 5539 

1.5865 

235.18 

2.307 

1.9549 

249.67 

5.2235 

1.8128 

2.8784 

• 6516 

.9987 

.6520 

2.20 

• 5470 

1.5384 

235.50 

2.234 

1.8062 

249.65 

5.4771 

1.8564 

2.9473 

• 62 87 

• 9986 

• 6291 

2.25 

•5405 

1.4901 

235.80 

2.161 

1.8184 

249.63 

5.7366 

1.9008 

3.0147 

• 6061 

.9985 

• 6065 

2.30 

.5344 

1.4417 

236.07 

2.068 

1.7516 

249.61 

6.0018 

1.9461 

3.0806 

• 5839 

.9984 

• 5842 

2.35 

.5286 

1.3936 

236.33 

2.016 

1.6862 

249.59 

6.2729 

1.9922 

3.1450 

• 5621 

• 9984 

• 5624 

2.%0 

.5231 

1.3458 

236.57 

1.945 

1.6222 

249.57 

6.5499 

2.0393 

3.2080 

.5407 

• 9983 

.5411 

2.45 

.5179 

1.2986 

236.80 

1.875 

1.5596 

249.55 

6.8327 

2.0873 

3.2695 

.5199 

.9982 

• 5202 

2.50 

.5130 

1.2521 

237.01 

1.806 

1.4987 

249.53 

7.1213 

2.1362 

3.3295 

• 4996 

.9981 

.4999 

2.55 

• 5083 

1.2064 

237.21 

1.739 

1.4395 

249.51 

7.4157 

2.1861 

3.3881 

.4798 

.9980 

• 4802 

2.60 

• 5039 

1.1617 

237.40 

1.673 

1.3819 

249.49 

7.7160 

2.2368 

3.4452 

• 4606 

• 9980 

• 4610 

2.65 

.4997 

1.1180 

237.58 

1.608 

1.3262 

249.47 

8.0221 

2.2885 

3.5010 

• 4421 

.9979 

• 4424 

2.70 

• 4956 

1.0754 

237.74 

1.546 

1.2722 

249.46 

8.3341 

2.3411 

3.5553 

• 4241 

.9978 

• 4244 

2.75 

• 4918 

1.0339 

237.90 

1.485 

1.2201 

249.44 

8.6519 

2.3946 

3.6083 

• 4067 

• 9978 

• 4070 

2.00 

.4882 

• 9936 

238.05 

1.427 

1.1697 

249.42 

8.9755 

2.4491 

3.6600 

• 3899 

.9977 

• 3902 

2.85 

• 4847 

• 9546 

238.19 

1.370 

1.1212 

249.41 

9.3050 

2.5045 

3.7103 

.3737 

.9976 

• 3741 

2.90 

• 4814 

.9167 

238.32 

1.314 

1.0744 

249.39 

9.6403 

2.5608 

3.7594 

• 3581 

.9976 

• 3585 

2.95 

.4)^82 

• 8801 

238.45 

1.261 

1.0294 

249.38 

9.9814 

2.6181 

3.8072 

• 3431 

.9975 

• 3435 

3.00 

.4752 

.8447 

238.57 

1.210 

.9861 

249.37 

10.3284 

2.6764 

3.8538 

• 3287 

.9975 

• 3290 



TABLE X. REAL-GAS NORHAL-SMOCK SOLUTIONS FOR NITROGEN AT TTl x 25Q K 


B. PTl « 3. ATN OTl x 4.1Q7 K6N/N3 CONCLUDED. 


Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 












••••KtLAIlWt iU 

iut - Ai . mAiunio 

bAo VALUt **** 



l.OQ 

1.0000 

1.0000 

i.OOOO 

1.0009 

1.0000 

1.0000 

1.0000 

1.05 

1.0000 

1.0000 

1.0001 

.9999 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

1.0000 

1.0002 

.9997 

1.0000 

1.0000 

1.0000 

1.15 

.9999 

1.0000 

1.0003 

.9996 

1.0000 

1.0000 

1.0000 

1.20 

.9998 

1.0000 

1.0003 

.9995 

1.0000 

1.0000 

1.0000 

1*25 

.9998 

.9999 

1.9004 

.9993 

1.0000 

1.0000 

1.0000 

1.30 

.9998 

.9999 

1.0004 

.9992 

1.0001 

.9999 

1.0000 

1*35 

.9997 

.9999 

1.0004 

.9991 

1.0001 

.9999 

1.0001 

1.40 

.9998 

.9998 

1.0004 

.9990 

1.0001 

• 9998 

1.0002 

1.45 

.9998 

.9998 

1.0004 

.9989 

1.0002 

.9998 

1.0002 

1.50 

.9998 

.9998 

1.0004 

.9988 

1.0002 

.9997 

1.0003 

1.55 

.9999 

.9997 

1.0004 

.9988 

1.0003 

.9997 

1.0004 

1.60 

.9999 

.9997 

1.0004 

.9987 

1.0003 

• 9996 

1.0005 

1.65 

.9999 

.9996 

1*0003 

.9987 

1.0004 

.9995 

1.0005 

1.70 

.9999 

.9996 

1.0003 

.9986 

1.0004 

.9995 

1.0006 

1.75 

.9998 

.9996 

1.0003 

.9986 

1.0005 

.9994 

1.0007 

1.80 

.9998 

.9996 

1.0002 

.9986 

1.0005 

.9993 

1.0008 

1.85 

.9999 

.9996 

1.0091 

.9986 

1.0006 

.9992 

1.0009 

1.90 

.9999 

.9995 

1.0001 

.9986 

1.0006 

.9991 

1.0009 

1.95 

.9999 

.9995 

1.0000 

.9986 

1.0007 

.9990 

l.GOlO 

2.00 

.9999 

.9995 

1 . 0000 

.9986 

1.0007 

.9990 

1.0011 

2.05 

.9999 

.9995 

.9999 

.9986 

1.0008 

• 9989 

1.0012 

2.10 

.9999 

.9995 

.9999 

.9986 

1.0008 

.9988 

1.0013 

2.15 

l.QOOD 

.9995 

.9998 

.9987 

1.0009 

.9987 

1.0014 

2.20 

1.0000 

.9995 

• 9997 

.9987 

1.0009 

.9986 

1.0014 

2.25 

1.0000 

.9995 

.9997 

.9987 

1.0010 

.9985 

1.0015 

2.30 

1.0000 

.9995 

.9996 

.9987 

1.0010 

• 9984 

1.0016 

2.35 

1.0000 

.9995 

.9996 

.9988 

1.0010 

.9964 

1.0016 

2.40 

1.0000 

.9995 

.9995 

.9988 

1.0011 

• 9983 

1.0017 

2.45 

1.0000 

.9995 

.9995 

.9988 

1.0011 

.9982 

1.0018 

2.50 

1.0000 

.9995 

.9994 

.9989 

1.0011 

.9981 

1.QQ18 

2.55 

1.0000 

.9995 

.9994 

.9989 

1.0011 

.9980 

1.0018 

2.60 

1.0000 

.9995 

.9993 

.9989 

1.0011 

• 9980 

1.0019 

2.65 

1.0000 

.9995 

.9993 

.9989 

1.0011 

.9979 

1.0019 

2.70 

1.0000 

.9995 

.9992 

.9990 

1.0011 

.9978 

1.0019 

2.75 

1.0000 

.9995 

.9992 

.9990 

1.0011 

.9978 

1.0020 

2.80 

1.0000 

.9995 

.9992 

.9990 

1.0011 

.9977 

1.0020 

2.85 

1.0000 

.9995 

.9991 

.9991 

1.0011 

.9976 

1.0020 

2.90 

1.0000 

.9995 

.9991 

.9991 

1.0011 

• 9976 

1.0020 

2.95 

1.0000 

.9995 

.9991 

.9991 

1.0011 

.9975 

1.0020 

3.00 

.9999 

.9995 

.9990 

.9991 

l.QOli 

.9975 

1.0020 



vO 
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TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 250 K 


C. PTl = 5# ATM OTl = 6.855 KGM/M3 


Ml 

M2 

P? 

T2 

02 

PT2 

TT? 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

DT2/DT1 



ATM 

K 

KGM/M3 

ATM 

K 

,L 






l.OQ 

1.0000 

2.6382 

208.06 

4.351 

5.0002 

250.00 

i.oooo 

1.0000 

1.0000 

1.0000 

1.0000 

l.QOOQ 

1.Q5 

.9531 

2.7839 

211.30 

4.520 

4. 9995 

^50.00 

1.1196 

1.0330 

1.0837 

.9999 

1.0000 

.9999 

1*10 

.9116 

2.9123 

214.11 

4. 666 

4.9948 

250.00 

1.2450 

1.0652 

1.1685 

• 9990 

1.0000 

.9989 

1.15 

.8748 

3.0235 

216.56 

4.789 

4.9837 

249.99 

1.3762 

1.0970 

1.2542 

.9967 

1.0000 

• 9967 

1.20 

• 8419 

3.1173 

218.71 

4.869 

4.9643 

249.99 

1.5132 

1..1286 

1.3404 

.9929 

1.0000 

.9928 

1.25 

.8123 

3.1942 

220.61 

4.966 

4. 9356 

249.98 

1.6561 

1.1601 

1.4270 

.9871 

.9999 

• 9871 

1.30 

.7857 

3.2544 

222.28 

5.022 

4. 8975 

249.97 

1.8046 

1.1916 

1.5136 

.9795 

.9999 

.9795 

1.35 

.7615 

3.2989 

223.77 

5.056 

4. 8495 

249.95 

1.9590 

1.2234 

1.6003 

.9699 

• 9998 

.9700 

1.40 

.7396 

3.3284 

225.09 

5.071 

4.7921 

249.94 

2.1191 

1.2555 

1.6868 

.9584 

.9997 

.9585 

1.45 

.7194 

3.3439 

226.28 

5.067 

4.7256 

249.91 

2.2852 

1.2680 

1.7729 

• 9451 

.9997 

.9452 

1.50 

.7010 

3.3463 

227.35 

5.047 

4.6507 

249.89 

2.4570 

1.3210 

1.6584 

.9301 

.9996 

.9303 

1.55 

.6840 

3.3367 

228.31 

5.010 

4.5581 

249.87 

2.6347 

1.3546 

1.9433 

.9136 

.9995 

.9138 

1.60 

.6684 

3.3161 

229.18 

4.960 

4.4785 

249.94 

2.8182 

1.3887 

2.0274 

.8957 

.9994 

.8959 

1.65 

.6538 

3.2857 

229.98 

4.897 

4.3827 

249.81 

3.0076 

1.4235 

2.1106 

.8765 

.9992 

.8768 

1.70 

.6404 

3.2462 

230.69 

4.823 

4.2817 

249.78 

3.2028 

1.4589 

2.1928 

• 8563 

.9991 

• 8566 

1.75 

.6280 

3.1989 

231.34 

4.739 

4.176? 

249.74 

3*<f038 

1.4951 

2.2739 

.8352 . 

.9990 

• 8356 

1.80 

.6164 

3.1448 

231.94 

4.646 

4.0671 

249.71 

3.6106 

1.5320 

2.3538 

• 8134 

.9988 

• 8138 

1.85 

.6056 

3.0847 

232.48 

4.546 

3.9551 

249.67 

3.8232 

1.5696 

2.4325 

.7910 

.9987 

.7914 

1.90 

.5956 

3.0195 

232.98 

4.440 

3.8410 

249.64 

4.0417 

1.6080 

2.5098 

.7682 

.9986 

• 7686 

1.95 

.5662 

2.9502 

233.44 

4.329 

3. 7254 

249.60 

4.2660 

1.6472 

2.5859 

. 7451 

• 9984 

.7455 

2.00 

.5773 

2.8774 

233.86 

4.214 

3. 6090 

249.57 

4.4962 

1.6873 

2.6606 

• 7218 

.9983 

.7223 

2.05 

.5690 

2.8019 

234.25 

4.096 

3.4921 

249.53 

4.7322 

1.7282 

2.7338 

• 6984 

.9981 

.6989 

2.10 

• 5612 

2.7242 

234.61 

3.976 

3.3757 

249.49 

4.9740 

1.7699 

2.6056 

.6751 

.9980 

.6757 

2.15 

.5539 

2.6451 

234.94 

3.855 

3.2601 

249.46 

5.2217 

1.8125 

2.8760 

.6520 

.9978 

.6526 

2.20 

.5470 

2.5651 

235.25 

3.733 

3.1455 

249.42 

5.4752 

1.8559 

2.9448 

.62 91 

.9977 

.6297 

2.25 

.5405 

2.4846 

235.53 

3.611 

3.0325 

249.39 

5.7345 

1.9002 

3.0122 

• 6065 

.9975 

• 6071 

2.30 

.5344 

2.4040 

235.80 

3.490 

2.9213 

249.35 

5.9997 

1.9454 

3.0781 

. 5843 

.9974 

• 5848 

2.35 

. 5266 

2.3237 

236.05 

3.369 

2.8122 

249.32 

6.2707 

1.9915 

3.1426 

• 5624 

.9973 

.56*^0 

2.40 

.5231 

2.2441 

236.28 

3.250 

2.7055 

249.28 

6.5475 

2.0385 

3.2056 

.5411 

.9971 

.5417 

2.45 

.5179 

2.1655 

236.49 

3.133 

2.6012 

249.25 

6.8302 

2.0864 

3.2671 

.5202 

.9970 

• 5208 

2.50 

.5130 

2.0880 

236.69 

3.018 

2.4996 

249.22 

7.1187 

2.1352 

3.3271 

.4999 

.9969 

• 5005 

2.55 

.5083 

2.0119 

236.88 

2.906 

2.4008 

249.19 

7.4131 

2.1650 

3.3857 

• 4802 

.9967 

• 4808 

2.60 

.5039 

1.9373 

237.06 

2.796 

2.3049 

’49.16 

7.7133 

2.2356 

3.4429 

• 4610 

.9966 

• 4616 

2.65 

.*♦997 

1.8645 

?37.22 

2.668 

2.2119 

249.13 

8.0193 

2.2872 

3.4987 

• 4424 

.9965 

• 4430 

2.70 

.4956 

1.7934 

237.38 

2.584 

2.1219 

249.10 

8.3312 

2*3397 

3.5531 

• 4244 

.9964 

• 4250 

2.75 

.4918 

1.7243 

237.53 

2.483 

2.0349 

249.07 

8.6489 

2.3931 

3.6061 

.4070 

.9963 

• 4076 

2.80 

.4882 

1.6571 

237.67 

2.384 

1.9509 

249.04 

8.9725 

2.4475 

3.6578 

.390 2 

.9962 

• 390 8 

2.65 

.4847 

1.5919 

237,80 

2.289 

1.8699 

249.0’ 

9.3019 

2.5026 

3.7082 

.3740 

.9961 

.3745 

2.90 

.4813 

1.5288 

237.92 

2.197 

1.7919 

248.99 

9.6371 

2.5591 

3.7574 

.3584 

.9960 

.3589 

2.95 

.4782 

1.4677 

238.04 

2.108 

1.7168 

248.97 

9.9782 

2.6163 

3.8052 

• 3434 

.9959 

\.3439 

3.00 

.4751 

1.4087 

238.15 

2.022 

1.6446 

248.95 

10.3251 

2.6744 

3.8518 

.3289 

.9958 

• f295 
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TABLE X, REAL-OAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 250 K 


C* PTi > 5. ATM OTl - 6.855 KGN/N3 CONCLUDED. 


HI 

H2 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

0T2/0T1 




•TTifc rn 








-rCtLAI i¥C 1 U 

lUCAL iIXAIUniU 




1.00 

1.0000 

1.0000 

1.0000 

1.0000 

l.OOOO 

1.0000 

1.0000 

1.05 

.9999 

1.0000 

1.0002 

• 9998 

1.0000 

1.0000 

l.OOOO 

1.10 

.9999 

1. 0000 

1.0003 

.9995 

1.0008 

l.OOOO 

1.0000 

1.15 

.9998 

1.0000 

1.0004 

.9993 

1.0006 

1.0000 

1.0000 

1.20 

.9997 

.9999 

1.0005 

.9991 

1.0001 

1.0000 

1.0000 

1.25 

.9996 

.9999 

1.0006 

.9989 

1.0001 

.9999 

1.0000 

1.30 

.9997 

.9998 

1.0006 

.9986 

1.0001 

.9999 

1.0002 

1.35 

.9997 

.9997 

1.0006 

.9985 

1.0002 

• 9998 

1.0002 

l.%0 

.9998 

.9996 

1.0006 

.9983 

1.0002 

.9997 

1.0003 

1.45 

.9998 

.9995 

1.0006 

.9982 

1.0003 

.9997 

1.0004 

1.50 

.9998 

.9995 

1.0006 

.9980 

1.0004 

• 9996 

1.0005 

1.55 

.9999 

.9994 

1.0066 

.9979 

1.0005 

.9995 

1.0007 

1.60 

.9999 

.9994 

1.0065 

.9979 

1.0006 

.9994 

1.0008 

1.65 

• 9998 

.9993 

1.0005 

.99rs 

1.0006 

.9992 

1.0009 

1.70 

.9998 

• 9993 

1.0004 

.9978 

1.0007 

.9991 

1.0011 

1.75 

.9999 

.9993 

1.0013 

.9977 

1.0008 

• 9990 

1.0012 

1.60 

.9999 

.9992 

1.000? 

.9977 

1.0009 

• 9968 

1.0014 

1.85 

.9999 

.9992 

1.0002 

.9977 

1.0016 

.9987 

1.0015 

1.90 

.9999 

.9992 

1.0061 

.9977 

1.0011 

.9986 

1.0016 

1.95 

.9999 

.9992 

1.0000 

.9977 

1.0012 

• 9964 

1.0016 

2.00 

1.0000 

.9991 

.9999 

.9977 

1.0013 

• 9983 

1.0019 

2.05 

.9999 

.9991 

.9996 

.9977 

1.0013 

• 9981 

1.0020 

2.10 

.9999 

.9991 

.9997 

.9978 

1.0014 

• 9980 

1.0022 

2.15 

.9999 

.9991 

.9996 

.9978 

1.0015 

.9978 

1.0023 

2.20 

1.0000 

.9991 

.9995 

.9978 

1.0615 

.9977 

1.0024 

2.25 

1.0000 

.9991 

.9994 

.9979 

1.0016 

.9975 

1.0025 

2.30 

1.0000 

• 9991 

.9993 

.9979 

1.0617 

.9974 

1.0027 

2.35 

1.0000 

.9991 

.9992 

• 9980 

1.0017 

.9973 

1.0020 

2.40 

1.0000 

.9991 

• 9991 

.9980 

1.0018 

.9971 

1.0029 

2.45 

1.0000 

• 9991 

.9996 

.9961 

1.0818 

• 9970 

1.0029 

2.50 

1.0000 

.9991 

.9989 

.9981 

1.0016 

• 9969 

1.0030 

2.55 

1.0000 

.9991 

• 9969 

.9982 

1.0018 

.9967 

1.0031 

2.60 

1.0000 

.9991 

.9986 

.9962 

1.0019 

• 9966 

1.0031 

2.65 

1.0000 

.9991 

.9987 

• 9983 

1.0619 

• 9965 

1.0032 

2.70 

1.0000 

.9991 

• 9986 

.9983 

1.0019 

• 9964 

1.0032 

2.75 

1.0000 

.9992 

• 9986 

• 9984 

1.0619 

• 9963 

1.0033 

2.00 

1.0000 

• 9992 

.9985 

.9984 

1.0019 

• 9962 

1.0033 

2.65 

1.0000 

• 9992 

.9984 

.9985 

1.0016 

.9961 

1.0033 

2.90 

.9999 

• 9992 

• 9964 

.9965 

1.0616 

• 9960 

1.0034 

2.95 

• 9999 

• 9992 

• 9963 

• 9986 

1.0618 

.9959 

1.0034 

3.00 

.9999 

• 9992 

• 9963 

.9986 

1.0616 

• 9958 

1.0034 
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TftBLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 250 K 


0. PTl = 8. ATM OTl = 10.993 KGM/M3 


HI 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

DT2/OT1 



ATM 

K 

KGM/M3 

atm 

K 







1.00 

1.0000 

4.2183 

207.90 

6.982 

8.0007 

250.00 

1.0000 

l.QQOO 

1.0000 

1.0001 

1.0000 

1.0000 

1.05 

.9530 

4.4512 

211.15 

7.254 

7.9996 

.250.00 

i.ill96 

1.0331 

1.0836 

.9999 

1.0000 

.9999 

1.10 

.9116 

4.6568 

213.97 

7.488 

7.9922 

250.00 

1.2450 

1.0654 

1.1602 

• 9990 

1.0000 

• 9989 

1.15 

.8747 

4.8347 

216.43 

7.685 

7.9T43 

249.99 

1.3762 

1.0973 

1.2536 

.9968 

1.0000 

.9967 

1.20 

.8418 

4.9848 

218.58 

7.845 

7.9433 

249.98 

1.5131 

1.1269 

1.3396 

• 9929 

.9999 

• 9929 

1.25 

.8124 

5.1073 

220.46 

7.968 

7. 8978 

249.97 

1.6557 

1.1604 

1.4258 

.9872 

.9999 

.9873 

1.30 

.7857 

5.2038 

222.13 

8.057 

7. 8369 

249.95 

1.8041 

1.1919 

1.5123 

.9796 

.9998 

.9797 

1.35 

.7616 

5.2753 

223.62 

8.112 

7.7604 

249.93 

1.9584 

1.2238 

1.5987 

.9701 

.9997 

.9702 

1.40 

.7395 

5.3228 

224.94 

8.136 

7.6688 

249.90 

2.1184 

1.2559 

1.6849 

.9586 

.9996 

• 9568 

1.45 

.7194 

5.3479 

226.13 

8.131 

7.5627 

249.87 

2.2843 

1.2884 

1.7708 

.9453 

.9995 

.9455 

1.50 

.7010 

5.3522 

227.19 

8.098 

7.4432 

249.83 

2.4561 

1.3214 

1.8561 

• 9304 

.9993 

.9306 

1.55 

.6840 

5.3372 

228.14 

8.040 

7.3113 

249.79 

2.6336 

1.3549 

1.9408 

.9139 

.9992 

• 9142 

1.60 

• 6683 

5.3048 

229.00 

7.960 

7.1681 

249.74 

2.8170 

1.3890 

2.0247 

.6960 

• 9990 

• 8964 

1.65 

.6538 

5.2563 

229.78 

7.860 

7.0154 

249.70 

3.0062 

1.4238 

2.1077 

.8769 

.9988 

.8773 

1.70 

.6405 

5.1936 

230 .48 

7.741 

6.0541 

249.65 

3.2012 

1.4592 

2.1897 

• 8568 

.9986 

.8572 

1.75 

.6280 

5.1184 

231.12 

7.606 

6.6857 

249.59 

3.4020 

1.495? 

2.2707 

.8357 

.9984 

• 8362 

1.80 

.6165 

5.0321 

231.70 

7.458 

6.5113 

249.54 

3.6087 

1.5320 

2.3505 

• 8139 

.9982 

.8145 

1.85 

.6056 

4.9364 

232.23 

7.298 

6.3322 

249.48 

3.8213 

1.5696 

2.4290 

.7915 

.9979 

.7922 

1.90 

.5955 

4.8325 

232.72 

7.129 

6.1498 

249.43 

4.0396 

1.6080 

2.5063 

.7687 

.9977 

.7694 

1.95 

.5861 

4.7218 

233.16 

6.951 

5.9651 

249.37 

4.2637 

1.6471 

2.5823 

.7456 

.9975 

.7464 

2.00 

.5773 

4.6056 

233.56 

6.767 

5.7789 

249.31 

4.4937 

1.6870 

2.6569 

.7224 

• 9973 

• 7231 

2.05 

.5690 

4.4850 

233.93 

6.578 

5.5923 

249.25 

4.7295 

1.7278 

2.7301 

• 6990 

.9970 

.6999 

2. 10 

.5613 

4.3611 

234.27 

6.386 

5.4061 

2h9.20 

4.9712 

1.7694 

2.6018 

.6758 

.9968 

• 6766 

2.15 

.5539 

4.2347 

234.59 

6.192 

5.2209 

249.14 

5.2187 

1.8119 

2.8722 

.6526 

• 9966 

.6535 

2.20 

.5470 

4.1068 

234%88 

5.996 

5.0377 

249.08 

5.4721 

1.8552 

2.9410 

.6297 

.9963 

• 6306 

2.25 

.5405 

3.9781 

235.15 

5.801 

4.8569 

249.02 

6.7312 

1.8994 

3.0084 

.6071 

.9961 

• 6080 

2.30 

.5344 

3.8492 

235.39 

5.606 

4. 6289 

248.97 

5.9962 

1.9444 

3.0744 

• 5849 

.9959 

.5858 

2.35 

.5286 

3.7209 

235.62 

5.413 

4.5043 

248.91 

6.2671 

1.9904 

3.1388 

• 5630 

.9957 

• 5640 

2.40 

.5231 

3.5935 

235.83 

5.222 

4.3334 

248.86 

6.5438 

2.0372 

3.2018 

.5417 

.9954 

.5426 

2.45 

.5179 

3.4677 

236.03 

5.034 

4.1665 

248.81 

6.8263 

2.0850 

3.2634 

.5208 

.9952 

• 5218 

2.50 

.5130 

3.3437 

236.22 

4.850 

4. 0038 

248.76 

7.1147 

2.1337 

3.3235 

.5005 

.9950 

• 5015 

2.55 

.5083 

3.2219 

236.39 

4.669 

3. 8456 

248.71 

7.4090 

2.1832 

3.3821 

.4807 

.9948 

.4817 

2.60 

.5039 

3.1026 

236.55 

4.492 

3.6920 

248.66 

7.7090 

2.2337 

3.4394 

• 4615 

.9946 

• 4625 

2.65 

.4997 

2.9859 

236.70 

4.320 

3.5430 

248.61 

8.0149 

2.2852 

3.4952 

.4429 

• 9944 

• 4438 

2.70 

.4956 

2.8722 

236.85 

4.153 

3.3989 

248.57 

8.3267 

2.3375 

3.5497 

.4249 

.9943 

• 4258 

2.75 

.4918 

2.7614 

236.98 

3.990 

3.2595 

248.52 

8.6443 

2.3908 

3.6028 

• 4074 

.9941 

• 4004 

2.80 

• 4881 

2.6538 

237.10 

3.832 

3.1250 

248.48 

3.9677 

2.4451 

3.6546 

.3906 

• 9939 

.3916 

2.85 

.4847 

2.5495 

237.22 

3.679 

2.9952 

246.44 

9.2970 

2.5002 

3.7050 

.3744 

• 9936 

.3753 

2.90 

.4814 

2.4484 

237.33 

3.531 

2.8703 

248.40 

9.6322 

2.5563 

3.7543 

.3588 

.9936 

.3597 

2.95 

.4782 

2.3506 

237.43 

3.388 

2.7501 

248.36 

9.9732 

2.6133 

3.8023 

.3438 

.9934 

• 3446 

3.00 

.4752 

2.2561 

237.53 

3.250 

2.6344 

248.3? 

10.320.0 

2.6713 

3.8490 

.3293 

• 9933 

.3302 
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TABLE X. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl s 2S0 K 
D. PTl = S. ATH OTt = 10.993 KGN/M3 CONCLUDED. 


HI 

M 2 

P 2 / P 1 

T 2 / T 1 

02/01 

PT 2 / PT 1 

TT 2 /TTI 

0 T 2 / 0 T 1 




Axr\te rn 

TnCAi flTATniiTC 

r Ac uAi 








wAd WALUC*** 



1*00 

1.0000 

1. 3000 

l.QQOO 

1.0000 

l.QQOl 

l.QQOQ 

1.0000 

1.05 

.9999 

1.0000 

1.0002 

.9996 

1.0001 

1.0000 

l.ODOO 

1.10 

.9998 

1.0000 

1.0005 

.9992 

1.0001 

1.0000 

1.0000 

1.15 

.9996 

.9999 

1.0006 

.9989 

1.0001 

1.0000 

1.0000 

1*20 

.9996 

.9998 

1. 0008 

.9985 

1.0001 

.9999 

1.0001 

1*25 

.9997 

.9996 

1.0006 

.9981 

1 . 0 QQ 2 

.9999 

1.0002 

1*30 

.9997 

.9995 

1.0009 

.9977 

1.0002 

.9998 

1.0003 

1.35 

.9997 

.9994 

1.0009 

.9975 

1.0003 

.9997 

1.0004 

1.40 

.9998 

.9993 

1.0009 

.9972 

1.0004 

.9996 

1.0006 

1*45 

.9998 

.9992 

1 . 0009 

.9970 

1.0005 

.9995 

1.0007 

1*50 

.9998 

.9991 

1.0009 

.9966 

1.0007 

.9993 

1.0009 

1 . 5 ? 

.9999 

.9990 

1.0006 

.9967 

1.0008 

.9992 

1.0011 

1 b 60 

.9998 

.9989 

1.0008 

.9965 

1.0009 

• 9990 

1.0013 

1*65 

.9998 

.9969 

1.0007 

.9964 

1.0011 

.9988 

1.0015 

1.70 

.9999 

.9988 

1.0006 

.9964 

1.0012 

• 9986 

1.0018 

1.75 

.9999 

.9988 

1.0004 

.9963 

1.0014 

.9984 

1.0020 

1.90 

.9999 

.9987 

1.0003 

.9963 

1.0015 

.9982 

1.0022 

1.86 

.9998 

.9987 

1. 0002 

.9963 

1.0016 

.9979 

1.0024 

1.90 

.9999 

.9987 

1. 0000 

.9963 

1.0018 

.9977 

1.0027 

1.95 

.9999 

.9986 

.9999 

.9963 

1.0019 

.9975 

1.0029 

2.00 

.9999 

.9986 

.9997 

.9963 

1.0021 

.9973 

1.0031 

2.05 

1.0000 

.9986 

.9996 

.9964 

1.0022 

.9970 

1.0034 

2.10 

l.QQOQ 

.9986 

. 9994 

• 9964 

1.0023 

.9968 

1.0036 

2.15 

.9999 

.9986 

.9993 

.9965 

1.0024 

• 9966 

1.0037 

2.20 

.9999 

.9986 

.9991 

.9965 

1.0025 

.9963 

1.0039 

2.25 

1.0000 

.9935 

. 9989 

• 9966 

1.0026 

.9961 

1.0041 

2.30 

1.0000 

.9985 

.9988 

.9967 

1.0027 

.9959 

1.0043 

2.35 

1.0000 

• 9985 

.9966 

.9968 

1.0028 

.9957 

1.0045 

2.40 

1.0000 

.9985 

. 9985 

.9969 

1.0028 

.9954 

1.0046 

2.45 

1.0000 

.9986 

.9983 

.9970 

1.0029 

.9952 

1.0048 

2.50 

1.0000 

• 9986 

.9982 

.9970 

1.0029 

• 9950 

1.00 49 

2.55 

1.0000 

.9986 

. 9981 

.9971 

1.0030 

.9948 

1.0050 

2.60 

1.0000 

.9986 

.9979 

.9972 

1.0030 

.9946 

1.0051 

2.65 

1.0000 

.9966 

.9978 

.9973 

1.0030 

• 9944 

1.0052 

2.70 

1.0000 

.9986 

.9977 

.9974 

1.0030 

.9943 

1.0053 

2.75 

l.OODO 

• 9986 

.9976 

.9975 

1.6030 

.9941 

1.0053 

2.80 

.9999 

• 9986 

.9975 

.9975 

1.0030 

.9939 

1.0054 

2.85 

.9999 

.9986 

.9974 

.9976 

1.0029 

.9938 

1.0054 

2.90 

1.0000 

.9987 

.9973 

.9977 

1.0030 

.9936 

1.0055 

2.95 

1.0001 

.9987 

• 9972 

.9978 

1.0029 

• 9934 

1.0055 

3.00 

1.0001 

.9987 

.9971 

.9979 

1.0029 

• 9933 

1.0055 
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TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 250 K 


E. PTl = ID. ATM OTl * 13.762 KGM/M3 


HI 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/Dl 

PT2/PTI 

TT2/TT1 

OT2/OT1 



ATM 

K 

KGM/M3 

ATM 

K 







l.OQ 

l.OOQQ 

5.2704 

20 7.60 

8.745 

10.0014 

250.00 

1.0000 

1.0000 

1.0000 

1.0001 

1.0000 

l.OOQl 

i»05 

.9530 

5.5615 

211.05 

9.085 

10. 0000 

250.00 

1.1196 

1.0331 

1.0834 

l.OOQO 

1.0000 

1.0000 

1.10 

.9115 

5.8165 

213.67 

9.376 

9.9907 

250,00 

1.2449 

1.0655 

1.1679 

.9991 

1.0000 

.9991 

1.15 

.8746 

6. 0410 

216.34 

9.625 

9.9684 

249.99 

1.3761 

1.0974 

1.2532 

• 9966 

l.QOOQ 

.9968 

1.20 

.8416 

6.2260 

216.46 

9.624 

9.9299 

249.98 

1.5128 

1.1290 

1.3390 

.9930 

.9999 

.9930 

1.25 

.6123 

6.3615 ‘ 

220.37 

9.979 

9.8731 

249.96 

1.6554 

1.1606 

1.4251 

.9873 

.9998 

.9874 

1.30 

.7657 

6.5021 

222.04 

10.090 

9. 7971 

249,94 

1,8037 

1.1922 

1.5113 

.9797 

.9998 

.9798 

1.35 

• 7616 

6.5916 

223.52 

10.159 

9.7017 

249.91 

1.9579 

1.2240 

1.5976 

.9702 

.9996 

.9703 

1.40 

.7395 

6.6512 

224. 65 

10.189 

9.5674 

249.87 

2.1179 

1.2561 

1.6837 

.9587 

.9995 

.9589 

1.45 

.7194 

6.6629 

226.02 

10.163 

9.4551 

249.63 

2.2837 

1.2686 

1.7694 

.9455 

.9993 

.9458 

1.50 

.7009 

6.6667 

227.08 

10.142 

9.3056 

249.79 

2.4554 

1.3217 

1.6546 

• 9306 

.9992 

.9309 

1.55 

• 6640 

6.6703 

228.03 

10.070 

9. 1412 

249,74 

2.6329 

1.3552 

1.9391 

.9141 

.9989 

.9145 

1.60 

• 6663 

6.6299 

228.66 

9.970 

6.9628 

249.68 

2.8161 

1.3892 

2.0229 

.8963 

.9987 

.8967 

1.65 

.6539 

6.5696 

229.65 

9.845 

6.7721 

249.62 

3.0052 

1.4239 

2.1057 

.6772 

.9985 

.8777 

1.70 

.6404 

6.4919 

230.35 

9.697 

8.5705 

249.56 

3.2002 

1.4593 

2.1677 

.6571 

.9982 

.8576 

1.75 

• 6260 

6.3962 

230.96 

9.529 

8.3602 

249.50 

3.4009 

1.4953 

2.2665 

• 6360 

• 9980 

.6367 

1.60 

• 6164 

6.2907 

231.55 

9.343 

6.1426 

249.43 

3.6075 

1.5321 

2.348? 

.6143 

.9977 

.8150 

1.85 

.6057 

6.1713 

232.07 

9.144 

7. 9191 

249.36 

3.8198 

1.5696 

2.4267 

.7919 

.9974 

.7927 

1.90 

.5956 

6.0417 

2 32.54 

8.932 

7.6913 

249.29 

4.0381 

1.6079 

2.5039 

.7691 

.9972 

• 7700 

1.95 

.5661 

5.9037 

232.97 

8.710 

7.4602 

249.22 

4.2622 

1.6470 

2.5798 

,7460 

.9969 

.7470 

2.00 

.5773 

5.7567 

233.36 

8.479 

7. 2277 

249.15 

4.4920 

1.6868 

2.6544 

.7228 

.9966 

.7238 

2.Q5 

• 5690 

5.6062 

233.72 

6.243 

6. 9946 

249.07 

4.7277 

1.7275 

2.7276 

.6995 

.9963 

.7005 

2.10 

.5613 

5.4534 

234.05 

6.003 

6.7619 

249.00 

4.9693 

1.7690 

2.7993 

.6762 

.9960 

• 6773 

2.15 

.5539 

5.2956 

234.35 

7.760 

6. 5306 

246.93 

5.2167 

1.6114 

2,6696 

.65 31 

.9957 

.6542 

2.20 

• 5470 

5.1356 

234.64 

7.515 

6.3013 

246.66 

5.4700 

1.6547 

2.9385 

.6301 

.9954 

• 6313 

2.25 

.5405 

4.9750 

234.69 

7.270 

c. 0753 

248.79 

5.7290 

1.8968 

3,0059 

.6075 

.9952 

.6087 

2.30 

.5344 

4.6140 

235.13 

7.027 

5. 6529 

248.72 

5.9939 

1.9437 

3,0716 

.5853 

.9949 

.5865 

2.35 

.5286 

4.6537 

235.34 

6.765 

5.6346 

246.65 

6.2647 

1.9896 

3,1363 

• 5635 

.9946 

.5647 

2.40 

.5231 

4.4945 

235.54 

6.546 

5.4206 

248.56 

6.5413 

2.0364 

3.1993 

.5421 

.9943 

.5433 

2.45 

.5179 

4.3372 

235.73 

6.311 

5.2121 

246.52 

6.8237 

2.0640 

3.2609 

.5212 

.9941 

.5224 

2.50 

.5130 

4.1622 

235.91 

6.060 

5.0067 

?48.45 

7.1120 

2.1326 

3.3210 

.5009 

.9938 

.5021 

2.55 

.5063 

4.0299 

.236.07 

5.853 

4. 8108 

248.39 

7.4062 

2.1821 

3.3797 

• 4811 

.9936 

• 4623 

2.60 

.5039 

3.8807 

236.22 

5.632 

4,6186 

248.33 

7.7062 

2.2325 

3.4370 

.4619 

.9933 

• 4631 

2.65 

.4997 

3.7348 

236.36 

5.416 

4.4323 

248.27 

8.0120 

2.2636 

3.4929 

• 4432 

.9931 

• 4445 

2.70 

• 4956 

3.5926 

236.49 

5.206 

4.2519 

248,22 

8.3236 

2.3361 

3.5474 

• 4252 

.9929 

• 4264 

2.75 

.4916 

3.4541 

236.61 

5.002 

4.0776 

248.16 

8.6412 

2.3693 

3.6005 

.40 78 

.9926 

.4090 

2.00 

.4861 

3.3195 

236.73 

4.604 

3.9092 

248.11 

8.9645 

2.4434 

3.6524 

.3909 

• 9924 

.3921 

2.85 

• 4846 

3.1890 

236.64 

4.612 

3.7469 

248.06 

9,2937 

2.4985 

3.7029 

.3747 

.9922 

.3758 

2.90 

• 4614 

3.0626 

236.94 

4.427 

3.5907 

248.01 

9.6288 

2.5544 

3.7522 

.3591 

• 9920 

• 3602 

2.95 

.4782 

2.9402 

237.03 

4.2h8 

3.4402 

247.96 

9.9697 

2.6114 

3.8002 

• 3440 

• 9918 

• 3451 

3.00 

.475? 

2.8220 

237.1? 

4.075 

3,2955 

247.91 

10,3165 

2.6692 

3.8470 

.3295 

.9917 

• 3306 






TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 250 K 
E. PTl = 10. ATM OTl = IT. 762 KGM/M3 CONCLUDED. 


Ml 

M 2 

P 2 / P 1 

T 27 T 1 

02 /Dl 

PT 2 / PT 1 

TT 2 / TT 1 

0 T 2 / 0 T 1 

















1.00 

1.0000 

1.0000 

1.0000 

l.OOOQ 

1.0001 

1.0000 

1.0001 

1.05 

.9999 

1.0000 

1.0003 

.9995 

1.0001 

1.0000 

1.0001 

1.10 

.9997 

1.0000 

1.0006 

.9990 

1.0001 

1.0000 

1.0001 

1.15 

.9995 

.9999 

1.0008 

.9986 

1.0001 

1.0000 

1.0002 

1.20 

.9996 

.9997 

1.0009 

.9980 

1.0002 

.9999 

1.0002 

1.25 

.9996 

.9995 

1.0010 

.9976 

1.0003 

.9998 

1.0003 

1.30 

.9997 

.9993 

1.0011 

.9971 

1.0003 

.9998 

1.0004 

1.35 

.9997 

.9992 

1. 0011 

.9969 

1.0004 

.9996 

1.0006 

1.40 

.9998 

.9990 

1.0011 

.9965 

1.0006 

.9995 

1.0008 

1.45 

.9998 

.9989 

1.0011 

.9962 

1.0007 

.9993 

1.0010 

1.50 

.9998 

.9988 

1.0011 

.9960 

1.0009 

.9992 

1.0012 

1.55 

.9998 

.9987 

1.0010 

.9958 

1.0010 

.9989 

i.oou 

1.60 

.9999 

.9986 

1.0009 

.9956 

1.0012 

.9987 

1.0017 

1.65 

.9999 

.9985 

1 . QQQ 8 

.9955 

1.0014 

.9985 

1.0020 

1.70 

.9998 

.9985 

1.0007 

.9954 

1.0016 

.9982 

1.0022 

1.75 

.9999 

.9984 

1.0005 

.9954 

1.0017 

.9980 

1.0025 

1.90 

.9999 

.9984 

1.0003 

.9953 

1.0019 

.9977 

1.0028 

1.65 

.9999 

.9983 

1.0002 

.9953 

1.0021 

.9974 

1.0031 

1.90 

1.0000 

.9983 

1.0000 

.9953 

1.0023 

.9972 

1.0034 

1.95 

.9999 

.9983 

.9998 

.9954 

1 . Q 025 

.9969 

1.0037 

2.00 

.9999 

.9982 

.9996 

.9954 

1.0026 

.9966 

1.0040 

2.05 

.9999 

.9982 

.9994 

.9955 

1.0028 

• 9963 

1.0043 

2.10 

1.0000 

.9982 

.9992 

.9955 

1.0029 

• 9960 

1.0045 

2.15 

l.OOQQ 

.9982 

.9990 

.9956 

1.0031 

.9957 

1.0048 

2.20 

.9999 

.9982 

.9988 

.9957 

1.0032 

.9954 

1.0050 

2.25 

.9999 

.9982 

.9986 

.995 8 

1.0033 

.9952 

1.0052 

2.30 

1.0000 

.9982 

.9984 

♦ 9959 

1.0034 

.9949 

1.0055 

2.35 

l.OOOQ 

.9982 

.9982 

.9960 

1.0035 

• 9946 

1.0057 

2.40 

1.0000 

.9982 

.9981 

.9961 

1.0036 

.9943 

1.00 59 

2.45 

l.OOOQ 

.9982 

.9979 

.9962 

1.0037 

.9941 

1.0060 

2.50 

1.0000 

.9982 

.9977 

.9963 

1.0037 

• 9938 

1.0062 

2.55 

l.OOOQ 

.9982 

.9975 

.9964 

1.0038 

.9936 

1.0063 

2.60 

1.0000 

.9982 

.9974 

.9965 V 

1.0038 

.9933 

1.0065 

2.65 

1.0000 

.9982 

.9972 

. 9966 : 

1.0038 

.9931 

1.0066 

2.70 

l.OOOQ 

.9982 

.9971 

• 9967 , 

1.0038 

.9929 

1.0066 

2.75 

1.0000 

.9983 

.9970 

.9968 

1.0038 

.9926 

1.0067 

2.60 

.9999 

• 9983 

.9968 

.9969 

1.0037 

.9924 

1.0068 

2.85 

.9999 

.9963 

.9967 

.9970 

1.0037 

.9922 

1.0068 

2.90 

1.0001 

.9983 

.9966 

.9972 

1.0037 

• 9920 

1.0069 

2.95 

1.0001 

.9983 

.9965 

.9973 

1.0037 

• 9918 

1.0070 

3.00 

1.0001 

• 9984 

.9964 

.9974 

1.0037 

.9917 

1.0070 
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TABLE X. REAL-CAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl > 250 K 
F. PTl * 20. ATH OTl » 27.721 KGM/H3 


Hi 

m 

P2 

ATM 

T2 

K 

02 

KGM/H3 

PT2 

ATH 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0TI 

1.00 

1.0000 

10.5105 

207.29 

17.657 

20.0004 

250.00 

1.0000 

l.OOOO 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

• 9528 

11.0923 

218.57 

18.340 

19.9974 

250.00 

1.1196 

1.0334 

1.0828 

.9999 

1.0000 

• 9999 

1*10 

• 9112 

11.6063 

213.42 

18.929 

19.9787 

249.99 

1.2449 

1.0661 

1.1667 

• 9989 

l.OOQO 

• 9989 

1«15 

• 8746 

12.0471 

215.87 

19.420 

19.9349 

249.98 

1.3754 

1.0981 

1.2509 

.9967 

• 9999 

• 9967 

1.20 

• 8418 

12.4204 

218.02 

19.819 

19.8590 

249.96 

1.5118 

1.1298 

1.3358 

• 9930 

• 9998 

• 9930 

1.25 

• 8123 

12.7279 

219.91 

20.129 

19.7468 

249.93 

1.6540 

1.1615 

1.4210 

.9873 

.9997 

.9875 

1.30 

• 7857 

12.9707 

221.58 

20.353 

19.5966 

249.88 

1.8020 

1.1932 

1.5064 

.9798 

.9995 

• 9800 

1*35 

• 7616 

13.1514 

223.06 

20.494 

19.4081 

249.83 

1.9557 

1.2251 

1.5918 

.9704 

.9993 

.9707 

1.40 

.7395 

13.2736 

224.37 

20.557 

19.1819 

249.76 

2.1154 

1.2573 

1.6770 

.9591 

• 9990 

• 9595 


.7194 

13*3400 

225.53 

20.547 

18.9202 

249.68 

2.2807 

1.2898 

1.7619 

• 9460 

.9987 

• 9465 

1.50 

• 7009 

13*3550 

226.56 

20.469 

18.6247 

249.59 

2.4519 

1.3227 

1.8463 

.9312 

• 9984 

• 9320 

1.55 

• 6840 

13.3218 

227.46 

20.328 

18.2987 

249.50 

2.6269 

1.3561 

1.9301 

.9149 

• 9980 

• 9159 

1.60 

• 6683 

13.2453 

228.30 

20.131 

17. 9446 

249.39 

2.8117 

1.3901 

2.0132 

.8972 

.9976 

• 8983 

1.65 

• 6538 

13.1289 

229.04 

19.883 

17.5663 

249.28 

3.0003 

1.4247 

2.0955 

• 87 63 

.9971 

.8796 

1.70 

• 6405 

12.9769 

229.69 

19.589 

17.1667 

249.16 

3.1947 

1.4598 

2.1768 

• 8583 

.9966 

• 8596 

1.75 

• 6280 

12.7936 

230.28 

19.255 

16.7485 

249.03 

3.3949 

1.4957 

2.2572 

.8374 

• 9961 

• 8390 

1.80 

• 616i4 

12.5824 

230.80 

18.887 

16.3159 

248.90 

3.6009 

1.5322 

2.3364 

• 8158 

.9956 

.8175 

1.85 

• 6056 

12.3471 

231.27 

18.488 

15.6714 

248.77 

3.8128 

1.5694 

2.4145 

.7936 

• 9951 

.7955 

1.90 

.5955 

12.0914 

231.70 

18.065 

15.4173 

248.63 

4.0305 

1.6074 

2.4915 

.7709 

• 9945 

.7729 

1.95 

• 5861 

11.8183 

232.07 

17.621 

14.9575 

248.49 

4.2540 

1.6462 

2.5671 

.7479 

• 9940 

.7501 

2.00 

• 5773 

11.5310 

232.41 

17.161 

14.4939 

248.35 

4.4633 

1.6857 

2.6414 

.7247 

• 9934 

.7270 

2.05 

• 5690 

11.2323 

232.71 

16.688 

14.0286 

248.21 

4.7185 

1.7260 

2.7144 

• 7014 

• 9928 

.7039 

2.10 

• 5612 

10.9250 

232.99 

16.205 

13.5639 

248.07 

4.9595 

1.7672 

2.7861 

• 6782 

• 9923 

• 6807 

2.15 

.5539 

10.6111 

233.23 

15.717 

13. 1020 

247.93 

5.2064 

1.8091 

2.6563 

.6551 

.9917 

.6577 

2.20 

.5470 

10.2929 

233.45 

15.225 

12.6441 

247.79 

5.4590 

1.8519 

2.9251 

.6322 

.9911 

• 6349 

2.25 

.5405 

9.9725 

233.65 

14.733 

12.1920 

247.65 

5.7175 

1.8956 

2.9926 

• 6096 

• 9906 

• 6123 

2.30 

.5344 

9.6515 

233.83 

14.242 

11.7468 

247.51 

5.9819 

1.9401 

3.0586 

.5873 

• 9900 

.5901 

2.35 

• 5286 

9.3314 

233.99 

13.755 

11.3094 

247.37 

6.2522 

1.9855 

3.1231 

• 5655 

• 9895 

• 5683 

2.40 

• 5231 

9.0135 

234.14 

13.273 

10.3814 

247.24 

6.5283 

2.0318 

3.1863 

• 5441 

• 9890 

• 5469 

2.45 

.5179 

8.6992 

234.27 

12.799 

10. 4634 

247.11 

6.8103 

2.0790 

3.2480 

.5232 

• 9884 

• 5260 

2.50 

• 5130 

8.3892 

234.39 

12.332 

10.0556 

246.98 

7.0981 

2.1271 

3.3084 

• 5028 

.9879 

• 5056 

2.55 

• 5083 

8*0845 

234.50 

.11.874 

9.6587 

246.86 

7.3918 

2.1760 

3.3673 

• 4829 

.9874 

.4857 

2.60 

• 5039 

7.7857 

234.59 

11.427 

9.2731 

246.74 

7.6913 

2.2260 

3.4248 

• 4637 

• 9870 

• 4664 

2.65 

• 4996 

7.4935 

234.68 

10.990 

8.8992 

246.62 

7.9967 

2.2768 

3.4809 

• 4450 

• 9865 

.4477 

2.70 

• 4956 

7.2084 

234.76 

10.565 

0.5373 

246.51 

8.3060 

2.3265 

3.5357 

• 4269 

• 9660 

• 4296 

2.75 

• 4918 

6*9308 

234.84 

10.152 

8.1873 

246.40 

8.6251 

2.3812 

3.5891 

• 4094 

• 9856 

• 4121 

2.80 

• 4882 

6.6609 

234.91 

9.751 

7* 8493 

246.29 

8.9480 

2.4348 

3.6412 

.3925 

• 9852 

• 3951 

2.85 

• 4847 

6.3991 

234.97 

9.362 

7.5232 

246.19 

9.2769 

2.4893 

3.6920 

• 3762 

• 9647 

• 3788 

2.90 

• 4814 

6.1452 

235.82 

8.986 

7.2090 

246.09 

9.6114 

2.5448 

3.7416 

• 3604 

• 9643 

• 3630 

2.95 

• 4783 

5.8997 

235.08 

8.623 

6.9065 

245.99 

9.9519 

2.6012 

3.7899 

• 3453 

• 9840 

• 3478 

3.00 

• 4752 

5.6624 

235.13 

8.272 

6.6156 

245.90 

10.2984 

2.6585 

3.6370 

.33 08 

• 9836 

• 3332 



TABLE X 


REAL-GAS NORHAL-SHOCK SOLUTIONS ROR NITROGEN AT TTl >: 250 K 


F. PTl S 20. ATN OTl = 27.T21 KGMFM3 CONCLUDED. 


HI 

H 2 

P 2 / P 1 

T 2 / T 1 

02/01 

PT 2 / PT 1 

TT 2 / TT 1 

OT 2 / DT 1 





rncAi fiTATnitm 

nAC uAi 




c *— ••••••* 


'•••KtLfl » 1 ¥ t. lU 





1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

• 9997 

1.0000 

1.0006 

• 9990 

l.OQOQ 

1.0000 

1.0000 

IbIO 

.9993 

.9999 

1.0011 

.9979 

l.OQOQ 

1.0000 

1.0000 

1.15 

.9995 

.9994 

1.0014 

.9967 

1.0001 

.9999 

1.0000 

i «30 

.9996 

.9990 

1.0016 

.9956 

1.0002 

.9998 

1.0002 

1.25 

.9996 

.9986 

1.0018 

.9947 

1.0003 

.9997 

1.0004 

1.30 

.9997 

.9983 

1. 0019 

.9939 

1.0005 

• 9995 

1.0007 

1.35 

.9997 

.9980 

1.0020 

.9931 

1.0007 

.9993 

1.0010 

1.40 

.9997 

.9978 

1.0020 

.992 5 

1.0009 

.9990 

1.0014 

1.45 

.9998 

.9976 

1 . 0020 

.9920 

1.0012 

.9987 

1.0018 

1.50 

.9998 

.9974 

1.0019 

.9915 

1.0016 

.9984 

1.0024 

1.55 

.9998 

.9972 

1.0017 

.9912 

1 . Q 019 

.9980 

1.0029 

1.60 

.9998 

.9971 

1.0016 

.990 9 

1.0023 

.9976 

1.0035 

1.65 

.9998 

.9969 

1.0013 

. 99 J 7 

1.0027 

.9971 

1.0041 

i.ro 

.9999 

.9968 

1.0010 

.9905 

1.0031 

.9966 

1.0047 

1.75 

.9998 

.9967 

1.0007 

.9904 

1.0034 

• 9961 

1.0053 

1.80 

.9999 

.9966 

1.0004 

.9903 

1.0038 

• 9956 

1.0060 

1.65 

.9999 

.9965 

1.0001 

.9903 

1.0042 

• 9951 

1.0066 

1.90 

.9990 

.9964 

.9997 

.990 4 

1.0046 

.9945 

1.0072 

1.95 

.9999 

• 9963 

.9993 

.9904 

1.0049 

• 9940 

1.0079 

2.00 

.9999 

.9963 

.9989 

.9905 

1.0053 

• 9934 

1.0085 

2.05 

.9999 

.9962 

.9985 

.9907 

1.0056 

• 9928 

1.0091 

2.10 

.9999 

.9962 

.9981 

.990 8 

1.0059 

• 9923 

1.0096 

2.15 

.9999 

• 9962 

.9977 

.9910 

1.0062 

.9917 

1.0102 

2.20 

.9999 

.9962 

.9973 

.9912 

1.0065 

.9911 

1.0107 

2.25 

1.0000 

.9962 

.9969 

.9914 

1.0067 

.9906 

1.0112 

2.30 

1.0 000 

.9962 

.9966 

.9916 

1.0069 

• 9900 

1.0116 

2.35 

.9999 

.9962 

.9962 

.9918 

1.0071 

• 9895 

1.0120 

2.40 

l.QOOO 

.9962 

.9958 

.9920 

1.0073 

• 9890 

1.0124 

2.45 

1.0000 

.9962 

.9955 

.9923 

1.0074 

• 9884 

1.0128 

2.50 

1.0000 

.9962 

.9951 

.9925 

1.0075 

• 9879 

1.0132 

2.55 

1.0000 

.9963 

.9948 

.9927 

1.0076 

• 9874 

1.0135 

2.60 

1.0000 

.9963 

.9945 

• 9930 

1.0077 

• 9670 

1.0137 

2.65 

1.0000 

.9963 

.9942 

.9932 

1.0077 

.9665 

1.0140 

2.70 

1.0000 

• 9964 

.9939 

.9934 

1.0077 

.9868 

1.0142 

2.75 

1.0000 

.9964 

.9936 

.9937 

1.0077 

.9856 

1.0144 

2.80 

1.0000 

.9964 

.9933 

.9939 

1.0077 

• 9852 

1.0145 

2.85 

1.0001 

.9965 

• 9931 

.9941 

1.0077 

• 9867 

1.0146 

2.90 

1.0001 

.9965 

.9928 

.9943 

1.0076 

• 9843 

1.0147 

2.95 

1.0001 

.9966 

.9926 

.9946 

1.0075 

.9640 

1.0140 

3.00 

l.OQOi 

• 9966 

.9924 

• 9948 

1.0074 

• 9836 

1.0148 
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TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 250 K 
G. PTl = 30. ATM OTl = 41.951 KGM/M3 


Ml 

M2 

P? 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/Dl 

PT2/PT1 

TT2/TT1 

0T2/0T1 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

15.7180 

206.80 

26.732 

30.0019 

250.00 

- liOOOO 

1.0000 

1.0000 

1.0001 

l.OQOQ 

1.0000 

1.05 

.9526 

16.5901 

210.11 

27.759 

29.9972' 

250.00 

iai95 

1.0337 

1.0822 

.9999 

1.0000 

.9999 

1.10 

.9111 

17.3556 

212.96 

28.640 

29.9697 

249.99 

1.2444 

1.0664 

1.1650 

*9990 

1.0000 

.9989 

1.15 

.8746 

18.0143 

215.42 

29.376 

29.9054 

249.97 

1.3746 

1.0986 

1.2483 

• 9968 

.9999 

• 9969 

1.20 

.8418 

18.5749 

217.58 

29.977 

29. 7929 

249.94 

1. 5106 

1.1305 

1.3323 

.9931 

.9998 

.9932 

1.25 

.8123 

19.0370 

219.47 

30.445 

29.6273 

249.89 

1.6524 

1.1622 

1.4165 

.9876 

.9996 

• 9676 

1.30 

.7857 

19.4041 

221.14 

30.784 

29.4049 

249.83 

1.8001 

1.1940 

1.5010 

• 9802 

.9993 

.9605 

1.35 

.7615 

19.6792 

222.61 

30.999 

29. 1259 

249.75 

1.9534 

1.2260 

1.5855 

.9709 

.9990 

.9714 

1.40 

.7395 

19.8662 

223.90 

31.098 

28. 7913 

249.66 

2.1125 

1.2582 

1.6698 

.9597 

.99*86 

• 9605 

1.45 

.7193 

19.9715 

225.05 

31.068 

28.4330 

249.55 

2.2775 

1.2907 

1.7538 

• 9468 

.9982 

.9477 

1.50 

.7008 

19.9998 

226.07 

30.976 

27. 9646 

249.4? 

2.4482 

1.3236 

1.8374 

.9322 

.9977 

.9334 

1.55 

.6839 

19.9563 

226.96 

30.771 

27,4808 

249.28 

2.6246 

1.3569 

1.9204 

• 9160 

.9971 

.9175 

1.60 

.6682 

19.8481 

227.76 

30.481 

26.9548 

249.13 

2.8070 

1.3908 

2.0028 

. 8985 

.9965 

• 9003 

1.65 

.6538 

19.6801 

228.46 

30.114 

26.3925 

248.97 

2.9950 

1.4251 

2.0844 

.8797 

.9959 

.8818 

1.70 

.6403 

19.4593 

229.08 

29.679 

25.7973 

248.90 

3.1889 

1.4601 

2.1652 

.85 99 

.9952 

• 8622 

1.75 

.6279 

19.1905 

229.62 

29.183 

25.1^54 

248.61 

3.3885 

1.4958 

2.2450 

.83 92 

.9945 

• 8418 

1.80 

.6164 

18.8799 

230.10 

28.634 

24. 5307 

248.43 

3.5940 

1.5320 

2.3238 

.8177 

.9937 

• 8206 

1.85 

.6055 

18.5332 

230.53 

28.040 

23.8671 

248.23 

3.8053 

1.5690 

2.4015 

.7956 

.9929 

.7987 

1.90 

.5955 

18.1549 

230.90 

27.407 

23. 1903 

248.03 

4.0224 

1.6067 

2.4781 

.7730 

.9921 

.7764 

1.95 

.5861 

17.7503 

231.23 

26.743 

22.5034 

?47.33 

4.2453 

1. 6451 

2.5534 

.7501 

.9913 

.7537 

2.00 

.5772 

17.3241 

231.52 

26.053 

21. 8097 

247.62 

4.4742 

1.6843 

2.6276 

.7270 

.9905 

.7308 

2.05 

.5690 

16.8801 

231.77 

25.343 

21.1140 

247.42 

4.7088 

1.7242 

2.7004 

.7038 

.9897 

.7078 

2.10 

.5612 

16.4224 

231.99 

24.618 

20. 4186 

247.21 

4.9492 

1.7649 

2.7720 

• 6606 

• 9868 

• 6847 

2.15 

.5538 

15.95^7 

232.18 

23. 884 

19. 7257 

247.00 

5.1955 

1.6Q65 

2.8422 

.6575 

• 9880 

• 6618 

2.20 

.5470 

15.4799 

232.35 

23.143 

19.0396 

246.79 

5.4477 

1.8489 

2.9110 

.6347 

.9872 

• 6390 

2.25 

.5405 

15. 0012 

232.49 

22.401 

18.3615 

246.59 

5.7056 

1.8921 

2.9785 

.6121 

.9863 

.6165 

2.30 

.5344 

14.5211 

232.61 

21.661 

17.6933 

246.38 

5.9695 

1.9361 

3.0446 

.5898 

.9855 

.5943 

2.35 

.5286 

14.0419 

232.72 

20.925 

17.0369 

246.18 

6.2392 

1.9811 

3.1093 

.5679 

.9647 

.5725 

2.40 

.5231 

13.5657 

232.81 

20.196 

16.3936 

245.98 

6.5148 

2.0269 

3.1726 

.5465 

.9839 

.5511 

2.45 

.5179 

13.0943 

232.89 

19.478 

15.7645 

245.79 

6.7962 

2.0736 

3.2345 

.5255 

.9832 

.5301 

2.50 

.5130 

12.6291 

232.95 

18.771 

15.1511 

245.60 

7.0835 

2.1211 

3.2950 

.5050 

.9824 

• 5096 

2.55 

.5083 

12.1716 

233.01 

16.077 

14.5539 

245.42 

7.3767 

2.1696 

3.3542 

.4851 

.9617 

.4897 

2.60 

.5038 

11.7228 

233.05 

17.399 

13. 9^34 

245.23 

7.6758 

2.2190 

3.4119 

• 4656 

• 9809 

.4703 

2.65 

.4996 

11.2836 

233.09 

16.736 

13.4105 

?45.06 

7.9807 

2.2693 

3.4683 

.4470 

• 9602 

.4515 

2.70 

.4956 

10.8549 

233.12 

16.090 

12. 8651 

244.89 

8.2915 

2.3205 

3.5234 

• 4268 

.9795 

• 4333 

2.75 

.4918 

10.4372 

233.14 

15.463 

12.3376 

244.72 

8.6082 

2.3726 

3.5771 

• 4113 

.9789 

.4157 

2.60 

.4882 

10.0311 

233.16 

14.853 

11.3281 

244.56 

8.9307 

2.4257 

3.6295 

.3943 

.9782 

• 3986 

2.85 

.4847 

9.6368 

23^.18 

14.262 

11. 3365 

244.40 

9.2591 

2.4797 

3.6807 

.3779 

.9776 

• 3621 

2.90 

.4914 

9.2546 

233.19 

13.690 

10.8627 

244.25 

9.5934 

2.5346 

3.7306 

.3621 

.9770 

.3663 

2.95 

.4783 

8.8346 

233.20 

13.137 

10.4065 

244.11 

9.9336 

2.5905 

3.7792 

.3469 

.9764 

• 3510 

3.00 

.4752 

8.5269 

233.21 

12.603 

9.9669 

243.97 

10.2796 

2.6474 

3.8265 

.3322 

.9759 

• 3362 
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TABLE X 


. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl * 250 K 


G* FTl s 30. ATM DTI s 41«051 KGN/H3 CONCLUDED* 


Ml 

M2 

P2 / P1 

T2/TI 

02/Dl 

PT2 / PT1 

TT2 / TT1 

0T2 / 0T1 


f — _ ______ — . . 










•— — — KtLAllWt lU 

JlAlVjnlU 

v»Aa VALUt — — * 



1*00 

1.0000 

1.0000 

1.0000 

1.0000 

i.OOOi 

1.0000 

1.0000 

1.05 

.9 995 

l.OOQQ 

1.0008 

.9983 

1.0001 

1.0000 

1.0000 

1.10 

.9993 

• 9995 

1.0014 

.9965 

1.0001 

1.0000 

1.0000 

1.15 

.9995 

• 9988 

1.0018 

.9946 

1.0002 

.9999 

1.0002 

l.?0 

.9995 

.9982 

1.0022 

.9930 

i . 0QQ3 

.9998 

1.0004 

1.25 

.9 996 

.9977 

1.0025 

.9916 

1.0005 

.9996 

1.0007 

1.30 

.9996 

.9973 

1. 0027 

.9903 

1.0006 

.9993 

1.0011 

1.35 

.9996 

.9969 

1.0028 

.9892 

1.0012 

.9990 

i.ooir 

1.40 

.9997 

.9965 

1.0028 

.9882 

1.0016 

.9986 

1.0024 

1.45 

.9997 

.9962 

1.0027 

.9874 

1.0020 

.9982 

1.0031 

1.50 

.9997 

.9959 

1.0025 

.9867 

1.0025 

.9977 

1 . 0039 

1.55 

.9997 

.9956 

1.0023 

.9862 

1.0031 

.9971 

1.0047 

1.60 

.9997 

.9954 

1.0020 

.9857 

1.0037 

.9965 

1.0057 

1.65 

.9997 

• 9951 

1.0016 

.9854 

1.0043 

.9959 

1.0066 

1.70 

.9997 

.9950 

1.0012 

.9852 

1.0049 

.9952 

1.0076 

1.75 

.9997 

.9940 

1.0008 

.9850 

1.0055 

.9945 

1.0087 

1 . 8Q 

.9998 

.9946 

1.0003 

.9850 

1 . 006 ? 

.9937 

1.0097 

1.85 

.9997 

.9945 

.9998 

.9850 

1.0068 

.9929 

1.0107 

1.90 

.9998 

.9944 

. 9992 

.9850 

1.0074 

.9921 

1.0117 

1.95 

.9998 

.9943 

• 9986 

.9852 

1.0080 

.9913 

1.0128 

2.00 

.9998 

.9943 

.9981 

.9853 

1.0085 

.9905 

1.0137 

2.05 

.9998 

. 994 ? 

. 9975 

.9856 

1.0090 

.9897 

1.0147 

2.10 

.9998 

.9941 

. 9969 

.9853 

1.0095 

.9088 

1 . C156 

2.15 

.9990 

.9941 

• 9963 

.9861 

1.0099 

.9880 

1.0165 

2.20 

.9998 

.9941 

. 995 ^ 

.9864 

1.0104 

. 98T2 

1.0173 

2.25 

.9999 

.9941 

.9951 

.9867 

1.0108 

.9863 

1.0181 

2.30 

.9999 

.9941 

.9945 

.9871 

1.0111 

.9855 

1.0189 

2.35 

.9999 

.9941 

.9940 

.9874 

1.0114 

.9847 

1.0196 

2.40 

.9999 

.9941 

• 9934 

.9878 

1.0117 

.9839 

1.0202 

2.45 

.9999 

.9941 

.9929 

.9881 

1.0119 

. 983 ? 

1.0208 

2.50 

.9999 

.9942 

. 9923 

.9885 

1.0121 

.9824 

1.0213 

2.55 

1.0000 

. 994 ? 

.9918 

.9889 

1.0122 

.9817 

1.0218 

2.60 

.9999 

.9943 

.9914 

.9893 

1.0123 

• 9809 

1.0222 

2.65 

1.8000 

.9943 

.9909 

.9896 

1.0124 

.9802 

1.0226 

2.70 

1.0000 

.9944 

• 9904 

• 9900 

1.0124 

.9795 

1.0229 

2.75 

1.0000 

.9944 

. 9900 

• 9904 

1.0124 

.9789 

1.0232 

2.80 

l.OQDO 

.9945 

.9896 

.9907 

1.0123 

.9782 

1.0235 

2.85 

1.0000 

.9946 

.9892 

.9911 

1.0123 

.9776 

1.0237 

2.90 

1.0000 

.9947 

.9889 

.9914 

1.0122 

.9770 

1.0238 

2.95 

l.OQQi 

.9947 

• 9885 

.9918 

1.0121 

.9764 

1.0239 

3.00 

.9999 

.994 8 

.9882 

.9921 

1.0118 

.9759 

1.0240 
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TABLE XI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 


A. PTl = 1. ATM OTI = I.IT8 KGM/M3 


Ml 

H2 

P2 

T2 

D2 

PT2 

TT2 

P2/P1 

T2/T1 

D2/01 

PT2/PT1 

TT2/TTI 

OT2/OT1 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

.5281 

249.94 

.722 

1.0000 

300.00 

i.oooo 

i.oooo 

1.0000 

I.OOOO 

1.0000 

I.OOOO 

1.05 

.9531 

.5573 

253.82 

.750 

. 9999 

300.00 

1.1196 

1.0329 

1.0639 

.9999 

I.oooo 

.9999 

1.10 

.9118 

.5829 

257.18 

.774 

.9989 

300.00 

1.2450 

1.0650 

1.1690 

.9989 

1.0000 

.9989 

1.15 

.8750 

.6052 

260.11 

.795 

. 9967 

300.00 

1.3763 

1.0967 

1.2549 

.9967 

1.0000 

.9967 

1.20 

.6422 

.6239 

262.68 

.611 

• 9.928 

300.00 

1.5133 

1.1281 

1.3414 

.9928 

1.0000 

.9928 

1.25 

.6126 

.6393 

264.95 

.824 

.9871 

300.00 

1.6563 

1.1595 

1.4283 

.9871 

1.0000 

.9871 

1.30 

,7859 

.6513 

266.97 

.833 

.9794 

300.00 

1.8050 

1.1910 

1.5153 

.9794 

1.0000 

.9794 

1.35 

.7617 

.6602 

268.76 

. 839 

.9596 

299.99 

1.9596 

1.2228 

1.6023 

• 9698 

1.0000 

.9698 

1.40 

.7397 

.6661 

270.36 

.841 

.9582 

299.99 

2.1200 

1.2549 

1.6891 

.9502 

1.0000 

.9582 

1.45 

.7195 

.6691 

271.80 

• 841 

. 9449 

299.99 

2. 2862 

1.2874 

1.7755 

.9449 

I.oooo 

,9449 

1.50 

.7011 

.6696 

273.10 

.637 

.9799 

299.98 

2.4583 

1.3204 

1,8614 

.9299 

.9999 

.9298 

1.55 

.6641 

,6676 

274.28 

.831 

. 9133 

299.98 

2.6362 

1.3540 

1.9466 

.9133 

.9999 

.9133 

1.60 

. .6664 

.6634 

275.34 

.823 

. 8953 

299.98 

2.8199 

1.3882 

2.0309 

.8953 

.9999 

.8954 

1.65 

.6539 

.6573 

276.31 

.812 

. 8751 

299.97 

3.0095 

1.4230 

2.1143 

.8761 

.9999 

.8762 

1.70 

.6405 

.6493 

277.19 

.800 

. 8559 

299.97 

3.2049 

1.4585 

2.1968 

.8559 

.9999 

.8559 

1.75 

.6261 

.6398 

276.00 

.786 

. 3347 

299.96 

3. 4061 

1.4948 

2.2780 

. 6347 

.9999 

• 8346 

1.60 

.6165 

.6289 

278.75 

.770 

.8128 

299.96 

3.6132 

1.5318 

2.3581 

.8128 

.9999 

.8129 

1.65 

,6057 

.6168 

279.43 

.754 

. 7904 

299.95 

3.8261 

1.5695 

2.4370 

.7904 

.9998 

.7905 

1.90 

.5956 

.6037 

280.06 

.736 

. 7675 

299.95 

4.0448 

1.6081 

2.5145 

.7675 

.9998 

.7676 

1.95 

.5662 

.5898 

280 .64 

.718 

. 7 444 

299.94 

4.2694 

1.6475 

2.5907 

.7444 

.9998 

.7445 

2.00 

.5773 

,5752 

281.17 

.699 

. 7211 

299.94 

4.4998 

1.6877 

2.6654 

.7211 

.9998 

.7212 

2.05 

.5690 

.5601 

281.68 

.679 

.6977 

299.93 

4.7360 

1.7287 

2.7387 

.6977 

.9998 

.6978 

2.10 

.5612 

. 5445 

282.14 

. 65 9 

. 6744 

299.93 

4.9781 

1.7706 

2.01O6 

.6744 

.9998 

.6745 

2.15 

.5540 

.5287 

282.57 

.639 

.6513 

299.92 

5.2259 

1.8133 

2.8810 

.6513 

.9997 

.6514 

2.20 

.5471 

.5126 

282,97 

.619 

.6284 

299.92 

5.4796 

1*8569 

2.9499 

.6284 

.9997 

.6285 

2.25 

.5406 

.4965 

283.34 

.598 

. 6058 

299.91 

5.7392 

1.9015 

3.0173 

. 6058 

.9997 

• 6059 

2.30 

.5344 

.4804 

283.69 

.578 

.5835 

299.91 

6.0046 

1.9469 

3.0832 

. 5835 

.9997 

.5837 

2.35 

,5266 

.4643 

284.02 

.556 

.5617 

299.91 

6.2758 

1.9931 

3.1476 

.5617 

.9997 

.5619 

2.40 

.5231 

.4484 

284.33 

.539 

. 5404 

299.90 

6.5529 

2.0403 

3.2105 

.5404 

.9997 

.5405 

2.45 

.5179 

.4327 

284,61 

.519 

.5196 

299.90 

6.8358 

2.0884 

3.2720 

.5196 

.9997 

.5197 

2.50 

,5130 

.4172 

284.89 

.500 

. 4993 

299.89 

7.1245 

2.1375 

3.3319 

.4993 

.9996 

.4994 

2.55 

.5063 

• 4020 

285.14 

.481 

.4795 

299.89 

7.4190 

2.1874 

3.3905 

.4795 

.9996 

.4797 

2.60 

.5039 

.3871 

285.38 

.463 

. 4604 

299.88 

7.7194 

2.2383 

3.4476 

.4604 

.9996 

• 4605 

2.65 

,4997 

.3725 

265.61 

• 445 

.4418 

299.88 

8.0257 

2.2901 

3.5033 

.4418 

.9996 

.4419 

2.70 

.4957 

.3583 

285.82 

.428 

.4238 

299.88 

8.3377 

2.3428 

3.5576 

.4236 

.9996 

.4240 

2.75 

.4918 

.3445 

286.02 

.411 

• 4065 

299.87 

8,6556 

2.3964 

3.6106 

• 40 65 

.9996 

.4066 

2,80 

,4682 

.3311 

286.22 

.395 

.3897 

299.87 

8.9794 

2.4510 

3.6622 

.3897 

.9996 

.3898 

2.65 

.4647 

.3180 

286.40 

.379 

.3735 

299.86 

9.3089 

2.5065 

3.7125 

.3735 

.9995 

.3737 

2.90 

• 4614 

. 3054 

286.57 

• 364 

. 3580 

299.86 

9.6443 

2.5630 

3.7616 

.3580 

.9995 

• 3581 

2.95 

.4783 

. 2932 

286,73 

.349 

. 3430 

299.86 

9.9856 

2.6204 

3.6093 

.3430 

.9995 

.3431 

3.00 

.4752 

.2815 

286.89 

.335 

.3286 

299.85 

10.3327 

2.6788 

3.8559 

• 3266 

.9995 

.3287 
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TABLE XI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl 


300 K 


A. PTl = !• ATM OTl = 1.138 KGM/M3 CONCLUDED. 


Ml 

M2 

P2/P1 

T^/Tl 

02/01 

PT2/PT1 

TT2/TT1 

0T2/DT1 




hTTMC rr\ 

TncAi riTATriMTr 

r:Ac ifAi mp... 




\ *•'1 







1.00 

1.0000 

1.0000 

1.0000 

l.QOOQ 

1.0000 

1.0000 

1.0000 

1.0? 

l.OQQO 

1.0000 

1.0000 

.9999 

l.QOQO 

1.0000 

l.QOOQ 

1.10 

l.QOQO 

1.0000 

1.0000 

.9999 

1.0000 

l.OQQO 

l.OOQO 

1.15 

1.0000 

1.0000 

l.OOQl 

.9999 

1.0000 

1.0000 

1.0000 

1.20 

1. 0000 

1.0000 

1.0001 

.9998 

1.0000 

1.0000 

1.0000 

1.25 

1.0000 

1.0000 

1.0001 

.9998 

1.0000 

l.QOOQ 

1.0000 

1.30 

l.OOQO 

1.0000 

1.0001 

.9997 

1.0000 

1.0000 

1.0000 

1.35 

1.0000 

1.0000 

1.0001 

.9997 

1.0000 

l.QOOQ 

1.0000 

1.40 

l.OOQO 

1.0000 

1.0001 

.9997 

1.0001 

1.0000 

1.0000 

i.kS 

1.0000 

1.0000 

1.0001 

.9997 

l.OOQl 

l.OQOQ 

1.0000 

1.50 

1.0000 

1.0000 

1.0001 

.9996 

1.0001 

.9999 

1.0000 

1.55 

1.0000 

1.0000 

l.OOQl 

.9996 

l.OQOl 

.9999 

1.0001 

1.60 

l.OOQO 

l.OQQO 

1.0001 

.9996 

l.QOOi 

.9999 

1.0002 

1.65 

l.ODOQ 

l.QOQO 

1. 0001 

.9996 

1.0001 

.9999 

1.0002 

1.70 

l.OOQO 

1.0000 

1.0001 

.9996 

1.0002 

.9999 

1.0002 

1.75 

1.0000 

1.0000 

1.0001 

.9996 

1.0002 

.9999 

1.0003 

1.80 

1.0000 

1.0000 

1.0001 

.9995 

1.0002 

.9999 

1.0003 

1.85 

l.OQQO 

1.0000 

l.OQOl 

.9995 

1.0002 

.9998 

1.0003 

1.90 

1.0000 

1.0000 

l.OOQl 

.9995 

1.0002 

.9998 

1.0004 

1.95 

1.0000 

l.OOQO 

l.OOQl 

.9995 

1.0003 

.9998 

1.0004 

2.00 

1.0000 

.9999 

l.OOQl 

.9995 

1.0003 

.9998 

1.0004 

2.05 

.9999 

1.0000 

1.0001 

.9995 

1.0003 

.9998 

1.0004 

2.10 

.9999 

l.QOOQ 

1.0001 

.9995 

1.0003 

.9998 

1.0005 

2.15 

l.OOQO 

.9999 

l.OOQl 

.9995 

1.0004 

.9997 

1.0006 

2.20 

1.0000 

.9999 

l.QOOQ 

.9995 

1.0004 

.9997 

1.0006 

2.25 

1.0000 

.9999 

1.0000 

.9995 

1.0004 

.9997 

1.0006 

2.30 

1.0 000 

.9999 

1.0000 

.9996 

1.0004 

.9997 

1.0007 

2.35 

l.OQQO 

.9999 

1.0000 

.9996 

1.0004 

.9997 

1.0007 

2.40 

l.OQQO 

.9999 

1.0000 

.9996 

1.0005 

.9997 

1.0007 

2.45 

l.OOQO 

.9999 

l.QOQO 

.9996 

1.0005 

.9997 

1.0007 

2.50 

1.0000 

.9999 

1.0000 

.9996 

1.0005 

.9996 

1.0008 

2.55 

1.0001 

.9999 

l.QOQO 

.9996 

1.0005 

.9996 

1.0008 

2.60 

l.OOQl 

.9999 

1.0000 

.9996 

1.0005 

.9996 

1.0008 

2.65 

1.0001 

.9999 

l.OQQO 

.9996 

1.0005 

.9996 

1.0009 

2.70 

l.OOQl 

.9999 

l.QOQO 

.9996 

1.0006 

.9996 

1.0009 

2.75 

1.0001 

.9999 

.9999 

.9996 

1.0006 

.9996 

1.0009 

2.80 

1.0001 

.9999 

.9999 

.9996 

1.0006 

.9996 

1.0009 

2.85 

l.OOQl 

.9999 

.9999 

.9996 

1.0006 

.9995 

1.0009 

2.90 

1.0001 

.9999 

.9999 

.9997 

1.0006 

.9995 

I.OQIQ 

2.95 

1.0001 

.9999 

.9999 

.9997 

1.0006 

• 9995 

1.0010 

3.00 

1.0001 

.9999 

.9999 

.9997 

1.0006 

.9995 

1.0010 
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TABL£ XI. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 


e. PTl = 3. ATM DTI = 3.416 KGM/N3 


HI 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/TI 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 



ATM 

K 

KGM/M3 

ATM 

K 







1.00 

1.0000 

1.5836 

249.85 

2.167 

3.0000 

300.00 

l.QQOO 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.06 

.9531 

1.6709 

253.73 

2.251 

2.9996 

300.00 

1.1196 

1.0329 

1.0838 

.9999 

1.0000 

.9999 

1.10 

.9117 

1.7480 

257.09 

2.324 

2. 9968 

300.00 

1.2450 

1.0651 

1.1687 

.9989 

1.0000 

.9989 

1.15 

.8750 

1.8147 

260.03 

2.385 

2.9901 

300.00 

1.3762 

1.0968 

1.2545 

.9967 

1.0000 

.9967 

1.20 

.8421 

1.8709 

262.60 

2.435 

2.9785 

300.00 

1.5133 

1.1282 

1.3409 

.9928 

1.0000 

.9928 

1.25 

• 6126 

1.9170 

264.87 

2.474 

2.9613 

299.99 

1.6562 

1.1597 

1.4276 

.9871 

1.0000 

• 9871 

1.30 

.7859 

1.9532 

266.89 

2.501 

2.9383 

299.99 

1.8049 

1.1912 

1.5145 

.9794 

l.QOOO 

.9794 

1.35 

.7617 

1.9799 

268.68 

2.518 

2. 9094 

299.98 

1.9595 

1.2230 

1.6014 

• 9698 

.9999 

.9698 

1.40 

.7396 

1.9977 

270 .28 

2.526 

2. 8749 

299.97 

2.1198 

1.2551 

1.6881 

.9583 

.9999 

• 9584 

1.45 

.7194 

2.0069 

271.72 

2.524 

2.8349 

299.96 

2.2860 

1.2876 

1.7743 

.9450 

• 9999 

• 9451 

1.50 

.7010 

2.0083 

273.02 

2.514 

2. 7899 

299.95 

2.4580 

1.3206 

1.8600 

.9300 

.9998 

• 9301 

1.55 

• 6840 

2.0025 

274.19 

2.496 

2.7402 

299.94 

2.6359 

1.3542 

1.9451 

.9134 

.9998 

.9135 

1.60 

.6664 

1.9900 

275.24 

2.470 

2. 6864 

299.93 

2.8195 

1.3884 

2.0293 

.8955 

.9998 

.8956 

1.65 

.6539 

1.9716 

276.21 

2.43 9 

2. 6289 

299.92 

3.0090 

1.4232 

2.1126 

.8763 

.9997 

• 8765 

1.70 

• 6405 

1.9478 

277.09 

2.402 

2.5682 

299.91 

3.2043 

1.4587 

2.1949 

• 8561 

.9997 

• 8563 

1.75 

• 6280 

1.9194 

277.89 

2.360 

2.5049 

299.89 

3.4055 

1.4949 

2.2761 

• 8350 

.9996 

.8352 

1.80 

.6165 

1.6868 

278.62 

2.314 

2.4394 

299.88 

3.6124 

1.5319 

2.3561 

.8131 

. 99.96 

• 8134 

1.85 

.6057 

1.8507 

27g.30 

2.264 

2. 3721 

299.86 

3.8253 

1.5696 

2.4349 

.7907 

.9995 

• 7910 

1.90 

.5956 

1.8115 

279.92 

2.211 

2.3036 

299.85 

4.0439 

1.6081 

2.5123 

.7679 

.9995 

.7682 

1.95 

.5862 

1.7698 

280.49 

2.156 

2.2342 

299.84 

4.2684 

1 • 6474 

2.5884 

.7447 

.9995 

.7450 

2.00 

.5773 

1.7261 

281.02 

2.098 

2.1643 

299.82 

4.4987 

1.6876 

2.6632 

.7214 

.9994 

.7218 

2.05 

.5691 

1.6807 

281.51 

2.039 

2.0943 

299.80 

4.7348 

1.7286 

2.7364 

.6981 

• 9993 

• 6984 

2.10 

.5613 

1.6341 

281 .97 

1.980 

2.0245 

299.79 

4.9768 

1.7704 

2.8083 

.6748 

.9993 

.6752 

2.15 

.5539 

1.5866 

282.39 

1.919 

1.9550 

299.77 

5.2247 

1.8131 

2.8786 

.6517 

.9992 

• 6520 

2.20 

.5470 

1.5386 

282.79 

1.858 

1.8863 

299.76 

5.4783 

1.8567 

2.9475 

• 6288 

.9992 

.6291 

2.25 

• 5405 

1.4903 

283.15 

1.798 

1.8185 

299.75 

5.7378 

1.9012 

3.0149 

• 6062 

.9992 

• 60 66 

2.30 

• 5344 

1.4419 

283.49 

1.737 

1.7518 

299.73 

6.0031 

1.9465 

3.0808 

.5839 

.9991 

.5843 

2.35 

.5286 

1.3937 

283.81 

1.677 

1. 6864 

299.72 

6.2743 

1.9927 

3.1452 

.5621 

.9991 

.5625 

2.40 

.5231 

1.3460 

284.11 

1.618 

1.6224 

299.70 

6.5513 

2.0399 

3.2082 

.5408 

.9990 

.5412 

2.45 

.5179 

1.2988 

284.39 

1.560 

1.5599 

299.69 

6.6341 

2.0879 

3.2696 

.5200 

• 9990 

.5204 

2.50 

.5130 

1.2523 

284.66 

1.503 

1.4990 

299.68 

7.1227 

2.1369 

3.3297 

.4997 

.9989 

.5001 

2.55 

.5084 

1.2067 

2 84.90 

1.447 

1.4397 

299.66 

7.4172 

2.1868 

3.3862 

.4799 

.9989 

.4803 

2.60 

.5039 

1.1620 

285.14 

1.392 

1.3823 

299.65 

7.7176 

2.2376 

3.4454 

• 4608 

.9988 

.4612 

2.65 

.4997 

1.1183 

285.36 

1.338 

1.3265 

299.64 

8.0238 

2.2893 

3.5011 

• 4422 

.9988 

• 4426 

2.70 

.4957 

1.0757 

285.56 

1.286 

1..2726 

299.63 

8.3.358 

2.3419 

3.5555 

.4242 

.9988 

• 4246 

2.75 

.4919 

1.0342 

285.76 

1.236 

1.2205 

299.62 

8.6536 

2.3955 

3.6085 

.4068 

.9987 

.4072 

2.60 

• 4883 

.9940 

285.95 

1.187 

1.1701 

299.61 

8.9773 

2«4500 

3.6602 

• 3900 

.9987 

• 3904 

2.85 

• 4847 

.9549 

286.13 

1.140 

1.1215 

299.59 

9.3066 

2.5056 

3.7105 

.3738 

.9986 

.3742 

2.90 

• 4814 

.9170 

286.29 

1.094 

1.0748 

299.58 

9.6421 

2.5620 

3.7596 

• 3583 

• 9966 

• 3586 

2.95 

.4782 

. 8804 

286.45 

1.050 

1.0298 

299.57 

9.9833 

2.6193 

3.8074 

• 3433 

• 9986 

• 3436 

3.00 

.4752 

.8451 

286.60 

1.007 

. 9865 

299.57 

10.3303 

2.6776 

3.8539 

• 3288 

• 9986 

.3292 


TABLE U. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 


B* PTl = 3, ATM OTl = 3.416 KGM/M3 CONCLUDED. 


Hi 

M2 

P2/P1 

T2/T1 

02701 

PT2/PT1 

TT2/TT1 

0T2/DT1 


( 


••..on ftTTuc Tn 

IDEAL DIATOMIC 








bAo VALUt— “ 



1.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.03 

1.0000 

1.0000 

1. 0001 

.9999 

1.0000 

1.0000 

1.0000 

1.10 

1.0000 

l.OOQQ 

1.0001 

.9997 

l.OQQO 

1.0000 

1.0000 

1.15 

.9999 

1.0000 

1.0002 

.9996 

1.0000 

1.0000 

1.0000 

1.20 

.9999 

1.0000 

1. 0002 

.9995 

1.0000 

1.0000 

1.0000 

1.25 

.9999 

l.QOOQ 

1.0003 

.9993 

1.0000 

1.0000 

1.0000 

1.3Q 

♦ 9999 

l.OQQO 

1.0003 

.9992 

1.0001 

1.0000 

1.0000 

1.35 

.9999 

.9999 

1. 0003 

.9991 

1.0001 

.9999 

1.0001 

1.40 

.9998 

.9999 

1. 0003 

.9991 

1.0001 

.9999 

1.0002 

1.45 

.9998 

.9999 

1.0003 

.9990 

1.0001 

.9999 

lf0002 

1.50 

.9998 

.9999 

1.0003 

.9989 

1.0002 

.9998 

1.0003 

1.55 

.9 998 

.9999 

1. 0003 

.9989 

1.0002 

.9998 

1.0004 

1.60 

.9999 

.9998 

1.0003 

.9988 

1.0003 

.9998 

1.0005 

1.65 

.9999 

.9998 

1.0003 

.9908 

1.0004 

.9997 

1.0006 

1.70 

.9999 

.9998 

1.0002 

.9987 

1.0004 

.9997 

1.0007 

1.75 

.9999 

.9998 

1.0002 

.99ST 

1.0005 

.9996 

1.0007 

1*80 

.9999 

.9998 

1.0002 

.9987 

1.0005 

.9996 

1.0008 

1.85 

.9999 

.9997 

1. 0002 

.9987 

1.QQQ6 

.9995 

1.0009 

1.90 

1.0000 

.9997 

1.0001 

.9987 

1.0007 

.9995 

1.0010 

1.95 

1.0000 

.9997 

1.0001 

.9987 

1.0007 

.9995 

1.0011 

2.00 

1.0000 

.9997 

1.0001 

.9987 

1.0008 

.9994 

1.0012 

2.05 

1.0000 

.9997 

1.0000 

.9987. 

1.0008 

.9993. . 

1.0013 

2.10 

1.0000 

.9997 

1.0000 

.9987 

1.0009 

.9993 

1.0014 

2.15 

.9999 

.9997 

1.0000 

.9987 

1.0009 

.9992 

1.0015 

2.20 

.9999 

.9997 

.9999 

.9982 

1.0010 

.9992 

1.0016 

2.25 

.9999 

.9997 

.9999 

.998 8 

1.0010 

.9992 

1.0017 

2.30 

1.0000 

.9997 

. 9998 

.9988 

1.0011 

.9991 

1.0018 

2.35 

1.0000 

. 9997 

.9998 

.9988 

1.0011 

.9991 

1.0019 

2.40 

1.0000 

.9997 

.9998 

.9988 

1.0012 

.9990 

1.0019 

2.45 

1.0000 

.9997 

.9997 

.9989 

1.0012 

.9990 

1.0020 

2.50 

1. 0001 

.9997 

. 9997 

.9989 

1.0013 

.9989 

1.0021 

2.55 

1.0001 

.9997 

.9997 

.998 9 

1.0013 

.9989 

1.0022 

2.60 

1.0001 

.9997 

.9996 

.9990 

1.0014 

.9988 

1.0022 

2.65 

1.0001 

.9997 

.9996 

.9990 - 

1.0014 

.9988 

1.0023 

2.70 

1.0002 

.9997 

.9996 

.9990 ^ 

1.0014 

.9988 

1.0024 

2.75 

1.QQ02 

.9997 

.9996 

.9991 

1.0015 

.9987 

1.0024 

2.80 

1.0002 

.9997 

.9995 

.9991 

1.0015 

.9987 

1.0025 

2.85 

1.0000 

.9997 

.9995 

.9991 

1.0014 

.9986 

1.0025 

2.90 

1.0000 

.9997 

. 9995 

.9991 

1.0015 

.9986 

1.0025 

2.95 

1.0000 

. 9997 

.9995 

.9991 

1.0015 

.9986 

1.0026 

3.00 

1.0000 

.999T 

.9995 

.9992 

1.0015 

• 9986 

1.0026 
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TABLE XI. real-gas NORMAL-SMOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 


C* PTl = 5. ATM OTl = 5.695 KGM/M3 


Ml 

M2 

P2 

ATM 

T2 

K 

02 

KGM/M3 

PT2 

atm 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/0T1 

1.00 

1.0000 

2.6381 

249.75 

3.614 

7.0001 

300.00 

l.OflOQ 

l.QOOO 

1.0000 

1.0000 

1.0000 

1.0000 

1*05 

.9531 

2.7836 

253.64 

3.754 

4.9994, 

300.00 

1.1196 

1.0330 

1.0837 

.9999 

l.OODO 

.9999 

1.10 

.9117 

2.9120 

257.00 

3.876 

4.9947 

300.00 

1.2450 

1.0651 

1.1685 

.9969 

1.0000 

.9969 

1.15 

.6749 

3.0231 

259.94 

3.976 

4.9636 

300.00 

1.3762 

1.0969 

1.2542 

.9967 

1.0000 

.9967 

1.20 

.6420 

3.1170 

262.52 

4.061 

4.9642 

299.99 

1.5133 

1.'1264 

1.3404 

.9928 

l.QOOO 

.9928 

1.25 

• 6125 

3.1938 

264.79 

4.125 

4. 9356 

299.99 

1.6562 

1.1598 

1.4270 

.9671 

1.0000 

.9671 

1.30 

.7856 

3.2543 

266.81 

4.171 

4.8973 

299.96 

1.8049 

1.1914 

1.5136 

• 9795 

.9999 

.9794 

1.35 

• 7616 

3.2989 

268.60 

4.200 

4.8493 

299.97 

1.9594 

1.2232 

1.6005 

.9699 

.9999 

.9699 

1.40 

.7396 

3.3284 

270.20 

4.212 

4.7919 

299.96 

2.1196 

1.2553 

1.6870 

.9584 

.9999 

.9585 

1.45 

• 7194 

3.3439 

271.63 

4.209 

4.7254 

299.94 

2.2657 

1.2676 

1.7731 

.9451 

.9996 

• 9452 

1.50 

.7010 

3.3463 

272.92 

4.192 

4.6506 

299.95 

2.4576 

1.3206 

1.8586 

.9301 

.9996 

• 9303 

1.55 

.6640 

3.3367 

274.09 

4.162 

4.5679 

299.91 

2.6354 

1.3544 

1.9435 

.9136 

.9997 

.9136 

1.6Q 

• 6664 

3.3161 

275.14 

4.120 

4.4783 

299.89 

2.6190 

1.3665 

2.0277 

.6957 

.9996 

.8959 

1.65 

.6539 

3.2656 

276.10 

4.068 

4.3826 

299.87 

3.0084 

1.4233 

2.1109 

• 8765 

.9996 

.8768 

1*70 

• 6405 

3.2461 

276.97 

4.006 

4.2816 

299.85 

3.2036 

1.4588 

2.1930 

• 8563 

.9995 

.8567 

1.75 

.6261 

3.1989 

277.77 

3.937 

4.1^62 

299.82 

3.4047 

1.4950 

2.2741 

♦ 6352 

.9994 

• 6356 

1«80 

.6164 

3*1446 

278.50 

3.660 

4.0670 

299.60 

3.6117 

1.5319 

2.3541 

.8134 

.9993 

• 8136 

1.85 

.6056 

3.0847 

279.17 

3.777 

3.9550 

299.76 

3.6244 

1.5696 

2.4328 

.7910 

.9993 

.7915 

1.90 

.5956 

3.0196 

279.79 

3.689 

3. 6409 

299.75 

4.0430 

1.60B1 

2.5101 

.7662 

.9992 

.7667 

1.95 

• 5861 

2.9503 

280.35 

3.597 

3.7254 

299.73 

4.2674 

1.6474 

2.5662 

. 7451 

.9991 

• 7456 

2.00 

.5773 

2.8775 

280.87 

3.501 

3.6090 

299.70 

4.4976 

1.6875 

2.6609 

.7218 

.9990 

.7224 

2.05 

.5690 

2.8020 

261.36 

3.403 

3.4924 

299.66 

4.7337 

1.7265 

2.7341 

.6985 

.9989 

.6991 

2.10 

.5613 

2.7245 

261.60 

3. 304 

3.3760 

299.65 

4.9756 

1.7702 

2.8059 

.6752 

.9988 

.6756 

2.15 

• 5540 

2.6454 

282.22 

3.203 

3.2604 

299.63 

5.2233 

1.8129 

2.8763 

.6521 

.9966 

.6527 

2.20 

.5471 

2.5654 

262.60 

3.102 

3.1459 

299.60 

5.4769 

1.8564 

2.9451 

.6292 

.9967 

.6296 

2.25 

• 5406 

2.4649 

282.96 

3.001 

3 . 0^29 

299.56 

5.7363 

1.9006 

3.0125 

.6066 

.9986 

.6072 

2.30 

• 5344 

2.4044 

263.30 

2.900 

2.9216 

299.55 

6.0016 

1.9461 

3.0784 

.5844 

• 9985 

• 5650 

2.35 

• 5266 

2.3242 

263.61 

2.600 

2. 6127 

299.53 

6.2727 

1.9923 

3.1429 

.5625 

.9964 

• 5632 

2.40 

.5232 

2.2446 

263.90 

2.701 

2.7060 

299.51 

6.5496 

2.0394 

3.2058 

.5412 

.9964 

.5419 

2.45 

•5160 

2.1660 

284.17 

2.604 

2. 6016 

299.49 

6.8323 

2.0674 

3.2673 

.5204 

.9963 

• 5210 

2.50 

• 5130 

2.0666 

284.43 

2.509 

2.5003 

299.46 

7.1209 

2.1363 

3.3274 

.5001 

• 9982 

.5007 

2.55 

.5083 

2.0125 

264.67 

2.415 

2.4015 

299.44 

7.4154 

2.1661 

3.3660 

.4803 

.9961 

• 4610 

2*60 

• 5039 

1.9380 

264.90 

2.324 

2.3056 

299.42 

r.7157 

2.2368 

3.4431 

• 4611 

• 9961 

• 4618 

2*65 

.4997 

1.6651 

285.11 

2.235 

2.2127 

299.40 

8.0218 

2.2665 

3.4989 

.4425 

• 9980 

• 4432 

2.70 

• 4957 

1.7941 

285.31 

2.148 

2.1227 

299.38 

6.3337 

2.3411 

3.5533 

• 4245 

^9979 

• 4252 

2.75 

.4916 

1.7250 

285.51 

2.064 

2.0358 

299.36 

6.6515 

2.3947 

3.6063 

.4072 

.9979 

• 4076 

2«d0 

• 4682 

1.6578 

265.68 

1.962 

1. 9518 

299.34 

6.9751 

2.4491 

3.6580 

.3904 

.9976 

• 3910 

2.65 

.4647 

1.5927 

285 *85 

1.903 

1.8709 

299.33 

9.3046 

2.5045 

3.7064 

.3742 

.9976 

.3748 

2.90 

•4814 

1.5296 

286.02 

1.627 

1.7929 

299.31 

9. 6396 

2.5609 

3.7576 

.3566 

.9977 

.3592 

2.95 

.4762 

1.4686 

266.17 

1.753 

1.^178 

799.29 

9.9610 

2.6182 

3.6054 

.3436 

.9976 

• 3442 

3.00 

.4752 

1.4096 

266.31 

1.662 

1.6456 

299.26 

10.3279 

2.6764 

3.8520 

.3291 

.9976 

.3297 
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TABL^ XI. real-gas NORMAL-SHOCK 

SOLUTIONS FOR 

NITROGEN AT TTl = 

300 K 




C. PTl = 

5. atm 3T1 = 

5.695 KGM/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PTI 

TT2/TT1 

0T2/DT1 










I 






1.00 

1.0000 

1.0000 

l.OOQO 

1.0000 

1.0 000 

l.OOQO 

1.0000 

i.Q5 

1.0000 

1.0000 

1. 0001 

.9998 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

1.0000 

1. 0002 

.9995 

l.OOQO 

1.0000 

1.0000 

1.15 

.9999 

1.0000 

1.0003 

.9993 

1.0000 

l.OOQO 

1.0000 

1.20 

.9998 

1.0000 

1.0003 

.9991 

l.QOOQ 

l.OOQO 

1.0000 

1.25 

.9998 

.9999 

1.0004 

.9989 

1.0001 

1.0000 

1.0000 

1.30 

.9998 

.9999 

1.0004 

.9987 

1.0001 

.9999 

1.0001 

1.35 

.9997 

.9999 

1.0005 

.9986 

l.OOfll 

.9999 

1.0002 

1.1)0 

• 9998 

.9998 

1.0005 

.9984 

1.0002 

.9999 

1.0003 

1.45 

.9998 

.9998 

1.0005 

.9983 

1.0003 

.9998 

1.0004 

1.50 

.9999 

.9997 

1.0005 

.9982 

1.0004 

.9998 

1.0005 

1.55 

.9999 

.9997 

1.0004 

.9981 

1.0004 

.9997 

1.0007 

1.60 

.9999 

.9996 

1.0094 

.9980 

1.0005 

.9996 

1.0008 

1.65 

.9999 

.9996 

1.0004 

.9979 

1.0006 

.9996 

1.0010 

1.70 

.9999 

.9996 

1.0003 

.9979 

1.0007 

.9995 

1.0011 

1.75 

.9999 

.9996 

1.0003 

• 997 8 

1.0008 

.9994 

1.0012 

1.80 

.9999 

.9996 

1.0002 

.997 8 

1.0009 

.9993 

1.0014 

1.85 

.9999 

.9995 

1.0002 

.9978 

1.9010 

.9993 

1.0015 

1.90 

.9999 

.9995 

1.0001 

.997 8 

1.0011 

.9992 

1.0017 

1.95 

.9999 

.9995 

1.0001 

.9978 

1.0012 

.9991 

1.0019 

2.00 

.9999 

.9995 

1.0000 

.9978 

1.0013 

.9990 

1.0020 

2.05 

1.0000 

.9995 

l.QOOO 

.9929 

1.0014 

.9989 

1.0022 

2.10 

1.0000 

.9995 

.9999 

.9979 

1.0015 

.9988 

1.0024 

2.15 

l.QOOQ 

.9995 

.9998 

.9979 

1.0016 

.9988 

1.0025 

2.20 

1.0000 

.9995 

.9998 

.9979 

1.0016 

.9987 

1.0027 

2.25 

1.0000 

.9994 

.9997 

.9980 

1.0017 

.9986 

1.0028 

2.30 

1.0000 

• 999h 

.9996 

.9980 

1.0018 

.9985 

1.0030 

2.35 

l.OQQl 

.9994 

.9996 

.9981 

1.0019 

.9984 

1.0031 

2.40 

1.0001 

.9994 

.9995 

.9981 

1.0020 

.9984 

1.0032 

2.45 

1.0001 

.9994 

.9995 

.9982 

1.0020 

.9983 

1.0033 

2.50 

1.0001 

.9994 

.9994 

.9982 

1.0021 

.998? 

1.0034 

2.55 

1.0001 

.9994 

.9994 

.9983 

1.0021 

.9981 

1.0036 

2.60 

1.0001 

.9995 

.9993 

.9983 

1.0022 

.9981 

1.0037 

2.65 

1.0001 

.9995 

.9993 

.9984 

1.0022 

• 9980 

1.0037 

2.70 

1.0001 

.9995 

.9992 

.9984 

1.0022 

.9979 

1.0038 

2.75 

1.0001 

.9995 

.999? 

.9985 

1.0023 

.9979 

1.0039 

2.80 

l.OOQO 

.9995 

.9992 

.9985 

1.0023 

.9978 

1.0040 

2.85 

1.0000 

.9995 

.9991 

.9985 

1.0023 

.9978 

1.0040 

2.90 

1.0000 

.9995 

.9991 

.9986 

1.0023 

.9977 

1.0041 

2.95 

l.OOQO 

.9995 

.9991 

.9986 

1.0024 

.9976 

1.0042 

3.00 

1*0000 

.9995 

.9990 

.9987 

1.0024 

.9976 

1.0042 
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TABLE XI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 
0. RTl = 8, ATM OTl = 9.116 KGM/M3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TTI 

DT2/0TI 



ATM 

K 

KGM/M3 

ATM 

K 







l.QO 

l.QQQO 

4.2178 

249.61 

5.788 

8. 0003 

300.00 

l.QQOO 

i.OOQO 

l.OQQQ 

1.0000 

I.OOQO 

i.OQOO 

1.05 

.9531 

4.4506 

253.50 

6.013 

7. 9991 

300.00 

1.1196 

1.0330 

1.0836 

.9999 

1.0000 

.9999 

1.10 

.9116 

4.6560 

256.87 

6.208 

7.9918 

300.00 

1.2450 

1.0653 

1.1682 

• 9990 

I.OOQO 

.9989 

1.15 

.8748 

4.8338 

259.81 

6.371 

7.9739 

299.99 

1.3762 

1.0970 

1.2536 

.9967 

1.0000 

.9967 

1.20 

.8419 

4.9840 

262.40 

6.504 

7.9429 

299.99 

1.5132 

1.1286 

1.3397 

.9929 

l.OQOQ 

.9928 

1.25 

.8124 

5.1072 

264.67 

6.606 

7. 8973 

299.98 

1.6561 

1.1601 

1.4261 

.9872 

.9999 

.9872 

1.30 

.7858 

5.2036 

266.68 

6.680 

7. 8364 

299.97 

1.'80 46 

1.1916 

1.5125 

.9795 

.9999 

.9796 

1.35 

.7616 

5.2751 

268.47 

6.726 

7.7598 

299.95 

1-.9590 

1.2234 

1.5990 

.9700 

.9998 

.9701 

1.40 

.7396 

5.3225 

270.07 

6.746 

7.6683 

299.93 

2.1191 

1.2556 

1.6852 

.9585 

.9998 

.9587 

1.45 

.7194 

5.3477 

271 .50 

6.741 

7.5622 

299.91 

2.2852 

1.2881 

1.7711 

.9453 

.9997 

.9455 

1.50 

.7010 

5.3520 

272.78 

6.714 

7.4426 

299.88 

2.4570 

1.3211 

1.8565 

.9303 

.9996 

.9306 

1.55 

• 6840 

5.3370 

273.95 

6.667 

7.5107 

299.85 

2.6347 

1.3546 

1.9412 

.9138 

.9995 

.9142 

1.60 

• 6684 

5.3045 

274.99 

6.600 

7.1677 

299.82 

2.8182 

1.3888 

2.0251 

• 8960 

.9994 

• 8964 

1.65 

.6539 

5.2562 

275.95 

6.517 

7.0148 

299.79 

3.0076 

1.4236 

2.1082 

.8768 

.9993 

.8773 

1.70 

.6405 

5.1936 

276.81 

6.419 

6. 8536 

299.76 

3.2027 

1.4590 

2.1902 

.8567 

.9992 

.8572 

1.75 

.6280 

5.1183 

277.60 

6.307 

6.6852 

299.72 

3.*f037 

1.4952 

2.2712 

• 6356 

.9991 

• 8363 

1.80 

.6165 

5.0321 

278.32 

6.185 

6.5110 

299.68 

3.6105 

1.5321 

2.3510 

.8139 

.9989 

.8145 

1.85 

.6057 

4.9364 

278.98 

6.052 

6.3321 

299.65 

3.8231 

1.5697 

2.4296 

.7915 

• 9988 

.7922 

1.90 

.5956 

4.8326 

279.58 

5.912 

6. 1498 

299.61 

4.0416 

1.6081 

2.5069 

.7687 

.9987 

.7695 

1.9S 

.5862 

4.7220 

280.14 

5.765 

5.9651 

299.57 

4.2659 

1.6474 

2.5828 

.7456 

.9986 

.7465 

2.00 

.5774 

4.6059 

280.65 

5.61? 

5.7791 

299.53 

4.4961 

1.6874 

2.6574 

.7224 

.9984 

.7233 

2.05 

.5690 

4.4854 

281.13 

5.456 

5.5925 

299.49 

4.7321 

1.7283 

2.7306 

.6991 

.9983 

• 7000 

2.10 

• 5613 

4.3615 

281.56 

5.297 

5. 4064 

299.45 

4.9739 

1.7700 

2.6024 

.6758 

.9982 

• 6768 

2.15 

• 5539 

4.2353 

281.96 

5.136 

5.2215 

299.41 

5.2215 

1.8126 

2.8727 

.6527 

.9980 

• 6537 

2.20 

.5471 

4.1074 

282.34 

4.974 

5.0584 

299.37 

5.4750 

1.8560 

2.9416 

• 6298 

• 9979 

• 6308 

2.25 

.5406 

3.9788 

282.68 

4.812 

4.8577 

299.33 

5.7343 

1.9003 

3.0090 

.6072 

.9978 

• 6083 

2.30 

.5344 

3.8501 

283.01 

4.651 

4.6799 

299.29 

5.9994 

1.9456 

3.0749 

• 5650 

.9976 

• 5861 

2.35 

.5286 

3.7219 

283.31 

4.491 

4.5055 

299.26 

6.2704 

1.9917 

3.1393 

• 5632 

.9975 

• 5643 

2.40 

• 5232 

3.5947 

283.59 

4.333 

4.3347 

299.22 

6.5473 

2.0387 

3.2023 

.5418 

.9974 

• 5429 

2.45 

• 5180 

3.4689 

283.85 

4.177 

4.1679 

299.18 

6.8299 

2.0866 

3.2638 

• 5210 

• 9973 

.5221 

2.50 

• 5130 

3.3450 

284.10 

4.024 

4.0054 

299.15 

7.1184 

2.1354 

3.3239 

.5007 

.9972 

• 5018 

2.55 

• 5084 

3.2233 

284.33 

3.874 

3.8473 

299.11 

7.4128 

2.1851 

3.3826 

.4809 

.9970 

• 4620 

2*60 

• 5039 

3.1041 

284.54 

3.728 

3.6937 

299.08 

7.7130 

2.2358 

3.4396 

.4617 

.9969 

• 4626 

2.65 

.4997 

2.9875 

284.75 

3.585 

3.5449 

299.05 

8.0190 

2.2874 

3.4956 

.4431 

• 9968 

• 4442 

2.70 

.4957 

2.8739 

284.94 

3.446 

3.4009 

299.02 

8.3306 

2.3399 

3.5501 

• 4251 

• 9967 

• 4262 

2.75 

.4918 

2.7632 

285.12 

3*312 

3.2616 

298.99 

8.6485 

2.3933 

3.6032 

.4077 

• 9966 

• 4088 

2.80 

.4882 

2.6557 

285.29 

3.181 

3.1271 

298.96 

8.9721 

2.4477 

3.6549 

.3909 

• 9965 

• 3919 

2.65 

• 4847 

2.5514 

285.45 

3.054 

2.9974 

298.93 

9.3014 

2.5030 

3.7054 

.3747 

• 9964 

.3757 

2.90 

•4814 

2.4504 

285.61 

2.931 

2.8725 

298.90 

9.6366 

2*5593 

3.7546 

• 3591 

• 9963 

• 3601 

2.95 

.4782 

2.3526 

285.75 

2.813 

2.7522 

298.88 

9.9777 

2.6165 

3.8025 

• 3440 

• 9963 

• 3450 

3.00 

.4752 

2.2582 

285.88 

2.699 

2.6368 

298.85 

10.3247 

2.6746 

3.8493 

• 3296 

• 9962 

• 3306 
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TABLE XI. RcAL-GAS NORiAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 
0. PTl = 8. atm OTl = 9.116 KGM/M3 CONCLUDED. 


Ml 

M2 

P2 / P1 

T2 / T1 

02/01 

PT2 / PT1 

TT2 / TT1 

DT2 / 0T1 












‘•“•KtLAIlVt, lU 

iulal JiAiunxif 




1.00 

1.0000 

1.0000 

1. 0000 

l.OOOQ 

1.0000 

l.QOOO 

1.0000 

1.05 

.9999 

1.0000 

1.0002 

.9996 

1.0000 

1.0000 

1.0000 

1.10 

.9999 

1.0000 

1.0003 

.9992 

1.0000 

1.0000 

1.0000 

i.lS 

.9998 

1.0000 

1.0004 

.9989 

1.0001 

l.OOOQ 

l.OOOQ 

1.20 

.9997 

.9999 

1.0005 

.9985 

1.0001 

1.0000 

1.0000 

1.25 

.9997 

.9999 

1.0006 

.9982 

1.0001 

.9999 

1.0002 

1.30 

.9997 

.9998 

1.0006 

.997 9 

1.0002 

.9999 

1.0003 

1.35 

.9997 

.9997 

1.0007 

,9976 

1.0002 

.9998 

1.0004 

1.40 

.9998 

.9996 

1.0007 

.9974 

1.0004 

.9998 

1.0005 

l.<>5 

.9998 

.9995 

1. 0007 

.9972 

1.0005 

.9997 

1.0007 

1.50 

.9999 

.9995 

1.0007 

.9970 

1.0006 

.9996 

1.0009 

1.55 

.9999 

.9994 

1.0006 

.9969 

1.0007 

.9995 

1.0011 

1.60 

.9999 

.9994 

1,0006 

.9968 

1.0009 

.9994 

1.0013 

1.65 

.9998 

. 9993 

1.0005 

.9967 

1.0010 

.9993 

1.0015 

1.70 

.9999 

.9993 

1.0005 

.9966 

1.0011 

.9992 

1.0018 

1.75 

.9999 

.9993 

1.0004 

.9965 

1.0013 

.9991 

1.0020 

1.60 

.9999 

.9992 

1.0003 

,9965 

1.0015 

.9989 

1.0023 

1.85 

.9999 

.9992 

1.0002 

.9965 

1.0016 

.9988 

1.0025 

1*90 

l.OQOQ 

.9992 

1. 0001 

.9965 

1.0018 

.9987 

1.0028 

1.95 

1.0000 

.9991 

1.0000 

.9965 

1.0019 

-9986 

1.0031 

2.00 

1.0000 

.9991 

. 9999 

.9965 

1.0021 

.9984 

1.0033 

2.05 

.9999 

.9991 

, 9999 

,9966 

1.0022 

.9983 

1.0036 

2.10 

1.0000 

.9991 

. 9998 

.9966 

1.0024 

.9982 

1.0038 

2.15 

1.0000 

.9991 

.9997 

.9967 

1.0025 

.9980 

1.0041 

2*20 

l.OOOQ 

.9991 

. 9996 

,9967 

1.0027 

.9979 

1.0043 

2.25 

l.QOOQ 

.9991 

.9995 

.9968 

1.0028 

.9978 

1.0045 

2.30 

1.0000 

. 9991 

. 9994 

.9969 

1.0029 

.9976 

1.0048 

2.35 

1*0001 

.9991 

.9993 

.9969 

1.0030 

.9975 

1.0050 

2.40 

1.0001 

.9991 

. 9992 

.997 0 

1.0031 

.9974 

1.0052 

2.45 

1*0001 

.9991 

.9991 

.9971 

1.0032 

.9973 

1.0054 

2.50 

1.0001 

.9991 

, 9990 

.9972 

1.0033 

.9972 

1.0055 

2.55 

1.0001 

.9991 

, 9989 

.9973 

1.0034 

.9970 

1.0057 

2.60 

1.0001 

.9991 

. 9989 

.9973 

1.0035 

.9969 

1.0059 

2.65 

1.0001 

.9991 

.9988 

.9974 

1.0035 

• 9968 

1.0060 

2.70 

1.0001 

.9991 

.9987 

.9975 

1.0036 

.9967 

1.0061 

2.75 

1.0000 

.9991 

. 9986 

.9976 

1.0036 

.9966 

1.0063 

2.80 

1.0000 

♦ 9991 

.9986 

.9976 

1.0037 

.9965 

1.0064 

2.85 

1.0000 

.9991 

.9985 

.9977 

1.0037 

.9964 

1.0065 

2.90 

l.OOOQ 

.9991 

. 9985 

.9978 

1.0037 

.9963 

1.0066 

2.95 

1.0000 

.9991 

.9984 

.9979 

1.0037 

.9963 

1.0067 

3.00 

1.0001 

.9992 

.9984 

.9980 

1.0038 

.9962 

1.0068 
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TABLE XI, REAL-GAS NORKAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 
£• PTl = 10. ATM OTl = 11.396 KGM/M3 


Ml 

M2 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

D2/D1 

PT2/PT1 

TT2/TT1 

0T2/0TI 



ATM 

K 

KGM/M3 

ATM 

K 







l.OQ 

1.0000 

5.2696 

249.51 

7.2h1 

10.0005 

300.00 

l.QOOQ 

1.0000 

1.0000 

1.0001 

l.QOOQ 

1.0000 

1,05 

.9530 

5.5605 

253.41 

7.522 

9.9991 

300.00 

1.1196 

1.0330 

1.0834 

.9999 

1.0000 

.9999 

1,10 

.9116 

5.8173 

256.78 

7.765 

9. 9899 

300.00 

1.2450 

1.0653 

1.1679 

• 9990 

l.QOOQ 

.9989 

1.15 

.8748 

6.0396 

259.73 

7.969 

9.9676 

299.99 

1.3762 

1.0972 

1.2533 

.9968 

1.0000 

.9967 

1.20 

.8419 

6.2274 

262.32 

8.135 

9.9289 

299.98 

1.513? 

1.1287 

1.3392 

.9929 

.9999 

.9928 

1.25 

.8124 

6.3809 

264.59 

8.263 

9.8721 

299.97 

1.6559 

1.1602 

1.4253 

.98 72 

.9999 

.9873 

1.30 

.7858 

6.5017 

266.60 

8.355 

9.7961 

299.96 

1.8044 

1.1918 

1.5117 

.9796 

.9999 

.9797 

1.35 

.7616 

6.5913 

268.39 

8.412 

9.7006 

299.94 

1-. 9587 

1.2236 

1.5980 

.9701 

.9998 

.9702 

1.40 

.7395 

6.6510 

269.98 

8.437 

9.5862 

299.91 

2.1189 

1.2557 

1.6841 

.95 86 

.9997 

..9588 

1.45 

.7194 

6.6827 

271 .41 

8.43? 

9.4539 

299.89 

2.2849 

1.2883 

1.7699 

• 9454 

.9996 

.9457 

1.50 

.7010 

6.6883 

272.70 

8.398 

9.3047 

299.85 

2.4566 

1.3213 

1.8551 

.9305 

.9995 

• 9306 

1.55 

.6840 

6.6699 

273.85 

8.339 

9.1401 

299.82 

2.6343 

1.3548 

1.9397 

.9140 

• 9994 

.9144 

1.60 

.6684 

6.6296 

2*^4. 90 

8.256 

8. 9617 

299.78 

2.8177 

1.3889 

2.0235 

.8962 

.9993 

.8967 

1.65 

.6539 

6.5694 

275.84 

8.153 

8.7310 

299.74 

3.0069 

1.4237 

2.1064 

.8771 

.9991 

.8777 

1.70 

.6405 

6.4915 

276.70 

8.030 

8.5697 

299.70 

3.2020 

1.4591 

2.1883 

.8570 

.9990 

.8577 

1.75 

.6281 

6.3978 

277.49 

7.891 

8.3595 

299.65 

3.4029 

1.4952 

2.2692 

.8360 

.9988 

• 8367 

1.80 

• 6164 

6.2906 

278.20 

7.738 

8. 1418 

299.61 

3.6097 

1. 5321 

2.3489 

• 8142 

.9987 

.8150 

1.85 

.6057 

6.1712 

278.86 

7.573 

7.9184 

299.56 

3.8223 

1.5697 

2.4274 

.7918 

.9985 

.7928 

1.90 

.5956 

6.0417 

279.45 

7.398 

7.6908 

299.51 

4.0407 

1.6081 

2.5046 

.7691 

.9984 

.7701 

1.95 

.5862 

5.9038 

280.00 

7.214 

7.4601 

299.46 

4.2649 

1.6473 

2.5806 

.7460 

• 9982 

.7471 

2.00 

.5774 

5.7589 

280.50 

7.024 

7.2278 

299.42 

4.4950 

1.6873 

2.6551 

.7228 

.9981 

.7239 

2.05 

.5691 

5.6085 

280.97 

6.828 

6. 9948 

299.37 

4.7309 

1.T281 

2.7283 

.6995 

• 9979 

.7007 

2.10 

.5612 

5.4540 

281 .40 

6.629 

6.7621 

299.32 

4.9727 

1.7690 

2.6000 

.6762 

.9977 

• 6774 

2.15 

.5539 

5.2963 

281.80 

6.428 

6.5311 

299.27 

5.220? 

1.8124 

2.8703 

.6531 

.9976 

• 6544 

2.20 

.5471 

5.1367 

282.16 

6.226 

6.3023 

299.22 

5.4736 

1.8558 

2.9392 

• 6302 

.9974 

• 6315 

2.25 

.5406 

4.9760 

282.50 

6.024 

b.0765 

299.17 

5.7329 

1.9000 

3.0065 

.6076 

.9972 

• 6090 

2.30 

.5344 

4.8152 

282.82 

5.822 

5.3542 

299.12 

5.9979 

1.9452 

3.0725 

• 5854 

.9971 

• 5868 

2.35 

.5266 

4.6550 

283.11 

5.622 

5.6361 

299.08 

6.2689 

1.9912 

3.1369 

.5636 

.9969 

• 5650 

2.40 

.5232 

4.4961 

283.38 

5.425 

5.4226 

299.03 

6.5456 

2.0382 

3.1999 

.5423 

.9968 

• 5436 

2.45 

.5180 

4.3389 

283.64 

5.230 

5.2141 

298.98 

6.8282 

2.0860 

3.2615 

• 5214 

.9966 

• 5228 

2.50 

.5130 

4.1841 

283.88 

5.039 

5.0109 

298.94 

7.1167 

2.1348 

3.3216 

.5011 

.9965 

• 5025 

2.55 

• 5084 

4.0320 

284.10 

4. 851 

4.8132 

298.90 

7.4109 

2.1844 

3.3803 

.4813 

.9963 

.4827 

2.60 

.5039 

3.8829 

284.31 

4.668 

4.6212 

298.86 

7.7111 

2.2350 

3.4375 

• 4621 

.9962 

• 4635 

2.65 

.4997 

3.7372 

284.51 

4.490 

4. 4351 

298.82 

8.0170 

2.2866 

3.4934 

• 4435 

• 9961 

• 4449 

2.70 

.4957 

3.5951 

284.69 

4.316 

4.2549 

298.78 

8.3268 

2.3390 

3.5479 

.4255 

.9959 

• 4269 

2.75 

.4918 

3.4567 

28H.87 

4.147 

4.0807 

298.74 

6.6465 

2.3924 

3.6010 

• 4081 

• 9956 

• 4094 

2.80 

.488? 

3.3223 

285.03 

3.983 

3.9125 

298.70 

8.9699 

2.4467 

3.6528 

.3912 

.9957 

• 3926 

2.85 

.4847 

3.1918 

285.19 

3.825 

3.7503 

298.67 

9.2993 

2.5020 

3.7033 

.3750 

.9956 

• 3763 

2.90 

• 4814 

3. 0655 

285.33 

3.671 

3.5940 

298.64 

9.6344 

2.5582 

3.7525 

.3594 

.9955 

• 3607 

2.95 

.4783 

2.9433 

285.47 

3.523 

3.4437 

298.60 

9.9755 

2.6153 

3.8006 

• 3444 

.9953 

• 3456 

3.00 

.4753 

2.8251 

285.60 

3.380 

3.2991 

298.57 

10.3224 

2.6734 

3.8474 

.3299 

• 9952 

• 3311 
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300 K 


TABLE XI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 


E. PTl = 10. ATM DTI = 11.39»^ KGM/M3 CONCLUDEO. 


Ml 

M2 

P2/P1 

T2/T1 

02701 

PT2/PT1 

TT2/TT1 

OT2/OT1 





IDEAL DIATOMIC 

CA C UAI 










1.00 

1.0000 

1.0000 

1. 0000 

l.OOQO 

1.0001 

1.0000 

l.OOQO 

1.05 

.9999 

1.0000 

1.0002 

.9995 

1.0001 

1.0000 

l.OOQO 

I.IO 

.9998 

1.0000 

1.0004 

.9990 

1.0001 

1.0000 

1.0000 

1.15 

.9997 

.9999 

1. 0005 

.9986 

1.0001 

l.OQQQ 

l.OOQO 

1.20 

.9996 

.9999 

1.0037 

.9982 

1.0001 

.9999 

l.QOOQ 

1.25 

.9997 

.9993 

1.Q007 

.9977 

1.0002 

.9999 

1.0002 

1.30 

.9997 

• 9996 

1.0018 

.9973 

1.0002 

.9999 

1.0004 

1.35 

.9998 

.9996 

1.0008 

.9970 

1.0003 

.9998 

1.0005 

1.40 

.9998 

.9995 

1.0008 

.9967 

1.0004 

.9997 

1.0007 

1.45 

.9998 

.9994 

1. 0008 

.9955 

1.0006 

.9996 

1.QQ09 

1.50 

.9998 

.9993 

1. 0008 

.9963 

1.0007 

.9995 

1.0011 

1.55 

.9996 

.9992 

1.0008 

.9961 

1.0009 

.9994 

1.0014 

1.60 

.9999 

• 9992 

1.0007 

.9959 

1.0011 

.9993 

1.0017 

1.65 

.9999 

.9991 

1.0006 

.9958 

1.0013 

.9991 

1.0019 

1.70 

.9999 

.9991 

1.0005 

.9957 

1.0015 

.9990 

1.0023 

1.75 

l.DOOQ 

.9990 

1.0004 

.9957 

1.0017 

.9968 

1.0026 

i.eo 

.9999 

.9990 

1.0004 

.9956 

1.0018 

.9987 

1.0029 

1.85 

.9999 

.9990 

1.0002 

.9956 

1.0020 

.9985 

1.0032 

1.90 

1.0000 

.9989 

1.0001 

.9956 

1.0022 

.9984 

1.0035 

1.95 

1.0000 

.9989 

1.0000 

.9956 

1.0024 

.9982 

1.0039 

2.00 

1.0000 

.9989 

.9999 

.9957 

1.0026 

.9961 

1.00 42 

2.05 

1.0000 

.9989 

.9998 

.9957 

1.0028 

.9979 

1.0045 

2.10 

.9999 

.9989 

. 9997 

.9953 

1.0030 

.9977 

1.0048 

2.15 

1.0000 

.9988 

.9995 

.9953 

1.0032 

.9976 

1.0051 

2.20 

1.0000 

.9988 

.9994 

.9959 

1.0033 

.9974 

1.00 54 

2.25 

1.0000 

.9988 

.9993 

.9960 

1.0035 

• 9972 

1.0057 

2.30 

l.OOQO 

.9988 

.9992 

.9961 

1.0036 

.9971 

1.0060 

2.35 

1.0001 

.9988 

.9990 

.9962 

1.0038 

.9969 

1.0062 

2.40 

1.0001 

.9988 

.9989 

.9963 

1.0Q39 

.9966 

1.0065 

2.45 

1.0001 

.9988 

.9988 

.9964 

1.0040 

.9966 . 

1.0067 

2.50 

1.0001 

.9988 

.9987 

.9965 

1.0042 

.9965 

1.0069 

2.55 

1.0001 

• 9988 

. 9986 

.9966 

1.0042 

.9963 

1.0072 

2.60 

1.0001 

.9988 

.9985 

.9967 

1.0043 

.9962 

1.0074 

2.65 

l.QODl 

.9989 

. 9984 

.9968 

1.0044 

.9961 

1.0075 

2.70 

1.0001 

.9989 

.9984 

.9969 

1.QQ45 

.9959 

1.0077 

2.75 

1.0000 

.9989 

.9983 

.9970 

1.0045 

.9958 

1.0079 

2.80 

1.0000 

.9989 

.9982 

.9971 

1.0046 

.9957 

1.0080 

2.85 

l.OOQO 

.9989 

. 9981 

.9972 

1.0046 

• 9956 

1.0081 

2.90 

1.0000 

.9989 

.9981 

.9973 

1.0046 

.9955 

1.0082 

2.95 

1.0001 

.9989 

.9980 

.9974 

1.0047 

.9953 

1.0064 

3.00 

1.0001 

.9989 

.9979 

.9975 

1.0046 

.9952 

1.0085 



TABLE XI. REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 


F. PTl = 20. ATM DTI = 22*»23 KGM/H3 


Ml 

MZ 

P2 

T2 

02 

PT2 

TT2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 



ATM 

K 

KGM/H3 

ATM 

K 







1.00 

1.0000 

10.5103 

249.04 

14.528 

20. 0000 

300.00 

1. 0000 

l.OQOO 

1.0000 

1.0000 

1.0000 

i.QOOQ 

1.05 

.9529 

11.0914 

252.96 

15.089 

19.9971 

300.00 

1.1196 

1.0332 

1.0829 

.9999 

1.0000 

.9999 

1.10 

.9114 

11.6047 

256.35 

15.574 

19.9786 

300.00 

1.2449 

1.0657 

1.1667 

.9989 

1.0000 

.9989 

1.15 

.8746 

12.0483 

259.31 

15.981 

19.9344 

299.99 

1.3759 

1.0976 

1.2513 

.9967 

l.OQOO 

.9967 

l.?0 

• 6419 

12.4246 

261.89 

16.313 

19.8523 

299.97 

1,5126 

1.1293 

1.3363 

.9931 ■ 

.9999 

• 9932 

1.25 

• 8124 

12.7322 

264.16 

16.569 

19.7499 

299.95 

1.6550 

1.1609 

1.4217 

■ . 9875 

.9998 

.9876 

1.30 

.7857 

12.9753 

266.18 

16.754 

19.5994 

299.92 

1.8033 

1.1925- 

1.5073 

.9800 

.9997 

.9002 

1.35 

.7616 

13.1561 

267.96 

16.870 

19.4105 

299.68 

1.9574 • 

1.2244 

1.5928 

.9705 

.9996 

.9708 

1.40 

.7396 

13.2779 

269.55 

16.922 

19.1841 

299.83, 

2.1172 

1.2565 

1.6781 

.9592 

.9994 

.9596 

1.45 

.7194 

13.3445 

270 .98 

16.914 

10.9217 

299.78 

2.2830 

1.2891 

1.7632 

.9461 

.9993 

.9467 

1.50 

.7010 

13.3589 

272.25 

16.850 

18.6261 

299.72 

2.4545 

1.3221 

1.8477 

.9313 

.9991 

.9320 

1.55 

• 6640 

13.3256 

273.39 

16.734 

10.2998 

299.66 

2.6318 

1.3556 

1.9316 

.9150 

.9989 

.9159 

1*60 

.6683 

13.2489 

274.42 

16.57? 

17.9455 

299.58 

2.8150 

1.3896 

2.0148 

.0973 

.9986 

.8983 

1.65. 

.6539 

13.1323 

275.35 

16.368 

17.5671 

299.51 

3.0039 

1.4243 

2.0971 

.8704 

• 9984 

.8797 

1.70 

.6405 

12.9802 

276.18 

16.126 

17.1675 

299.42 

’3,1986 

1.4596 

2.1785 

.8584 

.9981 

.8590 

1.75 

.6281 

12.7966 

276.94 

15.852 

16.7498 

299.34 

3.3992 

1.4956 

2.2589 

.8375 

.99 78 

.8391 

1.80 

.6164 

12.5856 

277.63 

15.549 

16.3169 

299.25 

3.6056 

1.5324 

2.3382 

.8158 

.9975 

.8177 

1.85 

.6057 

12.3503 

278.25 

15.222 

15. 87?6 

299.16 

3.8178 

1.5698 

2.4163 

.7936 

.9972 

.7956 

1.90 

.5956 

12.0946 

278.81 

14.674 

15.4195 

299.06 

4.0359 

1.6060 

2.4932 

.7710 

.9969 

.7731 

1.95 

.5862 

11.8217 

279.33 

14.510 

14.9600 

298.97 

4.2598 

1.6470 

2.5689 

.7480 

.9966 

. 7503 

2.00 

.5773 

11.5349 

279.80 

14.131 

14.4965 

298.87 

4.4895 

1.6868 

2.6432 

.7248 

.9962 

.7272 

2.05 

.5691 

11.2366 

280.23 

13.743 

14.0320 

298.78 

4.7250 

1.7274 

2,7162 

.7016 

.9959 

.7041 

2.10 

.5613 

10.9295 

280 .62 

13.347 

13.5682 

298.68 

4. 9664 

1.7689 

2.7678 

.6784 

.9956 

.6810 

2.15 

.5540 

10.6161 

280. 98 

12.946 

13. 1069 

298.58 

5.2136 

1.8111 

2.8581 

.6553 

.9953 

.6581 

2.20 

.5471 

10.2986 

281.31 

12.542 

12. 6499 

298.49 

5.4667 

1.8543 

2.9269 

.6325 

.9950 

.6353 

2.25 

• 5405 

9.9787 

281.62 

12.138 

12.1980 

298.39 

5.7256 

1.8983 

2.9942 

.6099 

.9946 

.6128 

2*30 

.5344 

9.6583 

281.89 

11.735 

11.7538 

298.30 

5.9903 

1.9432 

3.0602 

.5877 

.9943 

.5906 

2.35 

.5286 

9.3387 

282.15 

11.335 

11.3175 

298.21 

6.2609 

1.9889 

3.1247 

.5659 

.9940 

• 5668 

2.40 

.5232 

9.0214 

282.39 

10.939 

10.8903 

298.12 

6.5373 

2.0356 

3.1878 

.5445 

.9937 

.5475 

2.45 

.5160 

8.7076 

282.61 

10.549 

10. 4728 

298.03 

6.8196 

2.0831 

3.2495 

.5236 

.9934 

.5266 

2.50 

.5131 

8.3981 

282.81 

10.166 

10.0657 

297,94 

7.1077 

2.1316 

3.3097 

.5033 

.9931 

.5063 

2.55 

.5084 

8.0939 

283.00 

9.790 

9.6695 

297.86 

7.4017 

2.1810 

3.3686 

.4835 

.9929 

.4065 

2.60 

.5039 

7.7957 

283.13 

9.422 

9.2846 

297.78 

7.7015 

2.2313 

3.4260 

.4642 

.9926 

.4672 

2.65 

.4997 

7.5041 

283.34 

9.064 

8. 9114 

297.70 

8. 0071 

2.2825 

3.4821 

.4456 

.9923 

• 4485 

2.70 

.4957 

7.2194 

283.49 

8.714 

8.5499 

297.6? 

8.3186 

2.3347 

3.5368 

.4275 

.9921 

• 4304 

2.75 

.4918 

6.9423 

283.64 

8.375 

0.2003 

297.54 

8.6360 

2.3878 

3.5901 

.4100 

.9918 

.4129 

2.80 

.4882 

6.6728 

283.77 

8.045 

7. 8630 

297,47 

8.9592 

2.4416 

3.6422 

.3932 

.9916 

• 3960 

2.85 

• 4848 

6.4113 

283.89 

7.726 

7.5374 

297.40 

9. 2883 

2.4967 

3.6930 

.3769 

.9913 

.3797 

2.90 

.4815 

6.1579 

284.01 

7.417 

7.2236 

297.33 

9.6232 

2.5526 

3.7425 

• 3612 

.9911 

.3639 

2.95 

.4783 

5.9126 

284.12 

7.118 

6. 9215 

297.27 

9.9640 

2.6095 

3.7907 

.3461 

.9909 

• 3468 

3.00 

.4753 

5.6756 

284.22 

6. 830 

6. 6309 

297.21 

10.3106 

2.6673 

3,8377 

• 3315 

.9907 

• 3342 
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TABLE XI. REAL-GAS NORf^A L- SHOCK SOLUTIONS FOR NITROGEN AT TTl = 300 K 


F. PTl = ?0. ATM OTl = ?2.8?3 KGM/H3 CONCLUDED. 


m 

M2 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

0T2/DT1 






riAc uAi nr*.. 




1 -- 







1.00 

l.QOflO 

1.0000 

1.0000 

1,0000 

l.OQOO 

l.OQOO 

l.OOQO 

1.05 

.9998 

1,0000 

1.0004 

.9990 

1.0000 

l.OQOO 

l.OQOO 

I.IO 

.9996 

. 9999 

1.0007 

,9980 

1.0000 

l.OQOO 

l.OQOO 

1.15 

.9995 

,9998 

1.0010 

.9970 

l.OOOQ 

l.OOQO 

1.0000 

1.20 

.9996 

.9995 

1.0011 

.9961 

1.0003 

.9999 

1.0004 

1.25 

.9997 

. 9993 

1.0013 

.9952 

1.0004 

.9998 

1.0006 

1.30 

. 9997 

. 9991 

1.0014 

.9944 

1.QQ06 

.9997 

1.0008 

1.35 

.9 998 

.9989 

1.0014 

.9953 

1.0008 

.9996 

1.0011 

1.40 

.9998 

. 9987 

1. 0015 

.9932 

1.0011 

.9994 

1.0015 

1.45 

.9998 

. 9966 

1.0015 

.9927 

1.0013 

.9993 

1.0019 

1.50 

. 9998 

. 998i* 

1.0014 

.992 3 

1.0016 

.9991 

1.0024 

1.55 

.9999 

. 9983 

1. 0013 

.9919 

1.0020 

.9989 

1.0029 

1.60 

.9998 

. 9982 

1.0012 

.9917 

1.0023 

.9986 

1.003S 

1.65 

.9999 

. 9981 

1.0011 

,9914 

1.0027 

.9984 

1.0G42 

1.70 

.9999 

,9980 

1.0009 

.9913 

1.0031 

.9981 

1.0048 

1.75 

1.0000 

. 9979 

1. 0007 

.9912 

1.0035 

.9978 

1.0055 

1.80 

.9999 

, 9979 

1.0005 

.9911 

1.0039 

.9975 

1.0061 

1.85 

l.OOQO 

.9978 

1.0003 

.9911 

1.0043 

.9972 

1.0Q68 

1.90 

1.0000 

. 9977 

l.OOQl 

.9911 

1.QQ47 

.9969 

1.0075 

1.95 

1.0000 

. 9977 

. 9998 

.9911 

1.0051 

.9966 

1.0082 

2.00 

.9999 

. 9977 

. 9996 

.9912 

1.0055 

• 9962 

1.0086 

2.05 

1.0000 

. 9976 

. 9993 

.9913 

1.0059 

.9959 

1.0095 

2.10 

1.0000 

. 9976 

. 9991 

• 9914 

1.0062 

.9956 

1.0101 

2.15 

1.0001 

.9976 

. 9938 

.9916 

1.0066 

.9953 

1.0108 

2.20 

1.0001 

. 9976 

. 9936 

.9917 

1.0069 

.9950 

1.0114 

2.25 

1.0000 

, 9976 

. 9934 

.9919 

1.0072 

.9946 

1.0119 

2.30 

1. 0000 

. 9976 

. 9981 

.9921 ' 

1.0075 

.9943 

1.0125 

2.35 

l.OOQl 

. 9976 

. 9979 

.9923 ^ 

1.0078 

.9940 

1.0131 

2.40 

1.0001 

. 9976 

. 9977 

.9925 

1.0061 

.9937 

1.0136 

2.45 

l.OQOl 

. 9976 

, 9975 

.9927 

1.0083 

.9934 

1.0141 

2.50 

1.0001 

. 9976 

. 9972 

.9929 

1.0086 

.9931 

1.0145 

2.55 

1.0001 

.9976 

.9970 

.9931 

1.0088 

.9929 

1.0150 

2.60 

1.0001 

. 9976 

. 9969 

.9933 

1.0089 

.9926 

1.0154 

2.65 

1.0001 

.9976 

. 9967 

.9935 

1.0091 

.9923 

1.0157 

2.70 

1.0001 

. 9976 

. 9965 

.9938 

1.0092 

.9921 

1.0161 

2.75 

1.0000 

. 9977 

. 9963 

.9940 

1.0093 

.9918 

1.0164 

2.80 

l.OOQl 

.9977 

, 9962 

.994? 

1.0095 

.9916 

1.0167 

2.85 

1.0002 

. 9977 

. 9960 

.9944 

1.0096 

.9913 

1.0170 

2.90 

1.0002 

. 9977 

. 9959 

,9946 

1. 0096 

.9911 

1.0173 

2.95 

1. 0002 

. 9978 

. 9957 

.9948 

1.0097 

.9909 

1.0175 

3. 00 

1.0002 

. 9978 

.9956 

.9950 

1.0097 

.9907 

1.0177 
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TABte XI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT TT 1 = 300 K 
G. PTl = 30. ATM OTl = 34.25$ KGM/K3 


Ml 

M2 

P2 

ATH 

T2 

K 

02 

KGM/M3 

PT2 

ATH 

TT2 

K 

P2/P1 

T2/T1 

02/01 

PT2/PT1 

TT2/TT1 

OT2/OT1 

1.00 

l.OOQQ 

15.7209 

248.59 

21.857 

30.0004 

300.00 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.05 

.9528 

16.5913 

252.52 

22.697 

29.9959 

300.00 

1.1196 

1.0334 

1.0823 

.9999 

1.0000 

.9999 

1.10 

.9112 

17.3608 

255.94 

23.422 

29.9682 

299.99 

1.2449 

1.0660 

1.1655 

.9989 

1.0000 

.9989 

1.15 

.8746 

18.0217 

258.89 

24.026 

29.9031 

299.98 

1.3755 

1.0980 

1.2491 

.9968 

.9999 

.9968 

1.20 

.8418 

18.5824 

261.47 

24.519 

29. 7904 

299.96 

1.5119 

1.1298 

1.3333 

.9930 

.9999 

.9931 

1.25 

.8124 

19.0451 

263.75 

24.902 

29.6238 

299.93 

1.6541 

1.1614 

1.4179 

.9875 

.9998 

.9877 

1.30 

.7857 

19.4116 

265.77 

25.180 

29.4008 

299.88 

1.8021 

1.1932 

1.5026 

.9800 

.9996 

.9804 

1.35 

.7615 

19.6865 

267.56 

25.357 

29.1204 

299.83 

1.9560 

1.2251 

1.5874 

.9707 

.9994 

.9712 

1.40 

.7395 

19.8725 

269.14 

25.437 

28.7845 

299.76 

2.1155 

1.2572 

1.6719 

.9595 

.9992 

• 9602 

1.45 

.7194 

19.9764 

270.55 

25.428 

28.3957 

299.69 

2.2809 

1.2898 

1.7561 

.9465 

.9990 

.9475 

1.50 

.7010 

20.0038 

271.82 

25.337 

27. 9565 

299.60 

2.4522 

1.3227 

1.8399 

.9319 

.9987 

.9331 

1.55 

• 6840 

19.9594 

272.95 

25.169 

27.4719 

299.51 

2.6292 

1.3562 

1.9232 

.9157 

.9984 

.9172 

1.60 

.6683 

19.8502 

273.96 

24.932 

26.9453 

299.40 

2.8120 

1.3902 

2.0057 

.8982 

• 9980 

• 8999 

1.65 

.6539 

19.6814 

274.87 

24.631 

26. 3825 

299.29 

3.0006 

1.4248 

2.0874 

.8794 

.9976 

• 8814 

1.70 

• 6404 

19.4598 

275.69 

24.276 

25.7871 

299.17 

3.1951 

1.4600 

2.1683 

.8596 

.9972 

• 8619 

1.75 

• 6280 

19.1904 

276.42 

23.870 

25.1652 

299.05 

3.3953 

1.4959 

2.2482 

.8388 

.9968 

• 8414 

1.80 

.6165 

18.8794 

277.08 

23.422 

24.5209 

298.92 

3.6013 

1.5324 

2.3271 

.8174 

• 9964 

• 8202 

1.85 

.6057 

18.5322 

277.67 

22.936 

23.8585 

298.79 

3.8132 

1.5697 

2.4048 

.7953 

• 9960 

.7984 

1.90 

.5956 

18.1543 

278.21 

22.420 

23.1817 

298.65 

4.0309 

1.6078 

2.4814 

.7727 

#9955 

.7761 

1.95 

.5862 

17.7499 

278.69 

21.878 

22.4959 

298.52 

4.2544 

1.6466 

2.5568 

.7499 

.9951 

.7534 

2.00 

.5774 

17.3240 

279.13 

21.315 

21 . 8041 

298.38 

4.4837 

1.6861 

2.6309 

.7268 

.9946 

.7306 

2.05 

.5691 

16.8806 

279.53 

20.736 

21.1098 

298.23 

4.7189 

1.7265 

2.7037 

.7037 

.9941 

.7076 

2.10 

.5613 

16.4240 

279.89 

20. 145 

20.4154 

298.09 

4.9600 

1.7677 

2.7752 

• 6805 

.9936 

.6846 

2.15 

.5540 

15.9571 

280.22 

19.545 

19. 7251 

297.95 

5.2068 

1.8098 

2.8453 

.6575 

.9932 

• 6618 

2.20 

.5471 

15.4835 

280.51 

18.942 

19.0408 

297.81 

5.4595 

1.8526 

2.9141 

.6347 

.9927 

.6391 

2.25 

.5406 

15.0061 

280 .78 

18.337 

18.3645 

297.67 

5.7180 

1.8964 

2.9815 

.6122 

.9922 

• 6166 

2.30 

.5345 

14.5274 

261.02 

17.733 

17.6983 

297.53 

5.9824 

1.9410 

3.0475 

.5899 

.9918 

• 5945 

2.35 

.5286 

14.0497 

281.25 

17.133 

17.0434 

297.40 

6.2526 

1.9865 

3.1121 

.5681 

.9913 

.5727 

2.40 

.5232 

13.5750 

281.45 

16.540 

16.4024 

297.26 

6.5287 

2.0329 

3.1753 

.5467 

.9909 

.5514 

2.45 

.5180 

13.1050 

281.63 

15.954 

15.7757 

297.13 

6.8106 

2.0801 

3.2371 

.5259 

.9904 

• 5305 

2.50 

.5131 

12.6414 

281.80 

15.378 

15.1643 

297.01 

7.0984 

2.1283 

3.2975 

.50 55 

• 9900 

• 5102 

2.55 

.5084 

12.1854 

281.96 

14.813 

14.5690 

296.88 

7.3920 

2.1774 

3.3565 

• 4856 

.9896 

• 4903 

2.60 

.5039 

11.7380 

282.10 

14.260 

13.9904 

296.76 

7.6915 

2.2274 

3.4141 

• 4663 

.9892 

• 4710 

2.65 

.4997 

11.3003 

282.23 

13.719 

13.4291 

296.64 

7.9969 

2.2783 

3.4704 

.4476 

• 9888 

• 4522 

2.70 

.4957 

10.8730 

282.35 

13.193 

12.8856 

296.52 

8.3081 

2.3301 

3.5253 

.4295 

• 9884 

• 4341 

2.75 

.4919 

10.4566 

282.46 

12.681 

12.3598 

296.41 

8.6251 

2.3829 

3.5789 

• 4120 

• 9880 

• 4165 

2.80 

.4883 

10.0516 

282.57 

12.184 

11.8517 

296.30 

8.9481 

2.4366 

3.6312 

.3951 

.9877 

• 3995 

2.85 

.4848 

9.6585 

282.66 

11.702 

11.3614 

296.20 

9.2769 

2.4913 

3.6822 

.3787 

.9873 

• 3831 

2.90 

.4815 

9.2774 

282.75 

11.235 

10.8889 

296.10 

9.6115 

2.5469 

3.7320 

• 3630 

• 9870 

• 3672 

2.95 

• 4783 

8.9084 

282.83 

10.784 

10.4338 

296.00 

9.9520 

2.6034 

3.7805 

.3478 

.9867 

• 3520 

3.00 

.4753 

8.5516 

282.91 

10.348 

9.9960 

295.90 

10.2984 

2.6609 

3.8278 

• 3332 

• 9863 

.3373 
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TABLE XI. REAL*GAS 

NORMAL-SHOCK 

SOLUTIONS FOR NITROGEN AT TTl = 

300 K 




G. PTl s 30. 

ATM OTl = 

34.258 K6M/M3 

CONCLUDED. 



Ml 

M2 

P2/P1 

T2/T1 

D2/01 

PT2/PT1 

TT2/TT1 

DT2/OT1 





Tn?Ai nTATnyrr 

r AC tf Al 




1 • — 


•• kclm I lift ru 

1 u c Au UiA luniu 




1.00 

1.0000 

1.0000 

1.0000 

l.OOQO 

1.0000 

I.OOOQ 

1.0000 

1.05 

.9997 

1.0000 

1.0005 

.9984 

l.OQOO 

I.OOOQ 

1.0000 

1.10 

.9994 

• 9999 

i.OQlO 

.9969 

1.0000 

1.0000 

1.0000 

1.15 

.9995 

.9994 

1.0013 

.9953 

1.0001 

.9999 

1.0001 

1«?0 

.9996 

.9990 

1.0016 

.9938 

1.0002 

.9999 

1.0003 

1.25 

.9997 

.9987 

1.0016 

.9925 

1.0004 

.9998 

1.Q0Q6 

1.30 

.9997 

.9984 

1. 0019 

.9914 

1.0007 

.9996 

1.0010 

1.35 

.9997 

.9982 

1.0020 

• 9904 

l.OQlO 

• 9994 

1.0015 

l.i»0 

.9998 

.9979 

1.0020 

.9895 

1.0013 

.9992 

1.0020 

1.45 

.9998 

.9977 

1.0020 

• 9888 

1.0018 

.9990 

1.0028 

1.50 

.9998 

.9975 

1.0019 

.9891 

1.0023 

.9987 

1.0036 

1.55 

.9999 

.9973 

1.0018 

.9876 

1.0028 

.9984 

1.00 44 

1.60 

.9998 

• 9972 

1.0016 

.9872 

1.0033 

.9980 

1.0053 

1.65 

.9999 

.9970 

1.0014 

.9869 

1.0039 

.9976 

1.0062 

1.70 

.9998 

.9969 

1.0012 

• 9966 

1.0045 

.9972 

1.0072 

1.75 

.9999 

.9968 

1. 0009 

.9965 

1.0051 

.9968 

1.00 82 

1.80 

.9999 

.9967 

1.0006 

.9864 

1.0058 

.9964 

1.0093 

1.85 

1.0009 

.9966 

1.000? 

• 9663 

1.0064 

.9960 

1.0103 

1.90 

.9999 

.9965 

.9999 

.9864 

1.0070 

.9955 

1.0113 

1.95 

1.0000 

.9965 

.9996 

• 9865 

1.0076 

.9951 

1.0124 

2.00 

i.OOOQ 

.9964 

.9992 

• 9666 

1.0082 

.9946 

1.0134 

2.05 

1.0000 

.9963 

. 9988 

.9863 

1.0088 

.9941 

1.0145 

2.10 

i.OOOQ 

.9963 

.9985 

.9670 

1.0093 

.9936 

1.0154 

2.15 

1.0000 

.9963 

. 9981 

.9872 

1.0099 

.9932 

1.0164 

2.20 

1.0001 

.9963 

. 9977 

.9874 

1.0104 

.9927 

1.0174 

2.25 

1.0001 

.9963 

.9974 

.9877 

1.0109 

.9922 

1.0183 

2.30 

1.0001 

.9962 

.9970 

• 98.8 0 

1.0114 

.9918 

1.0192 

2.35 

l.QOQO 

.996? 

.9967 

.9883 

1.0118 

.9913 

1.0200 

2.40 

1.0001 

.9963 

.9963 

• 9886 

1.0122 

.9909 

1.0208 

2.45 

1.0001 

.9963 

.9960 

.9899 

1.0126 

• 9904 

1.0216 

2.50 

1.0001 

.9963 

.9957 

.9892 

1.0129 

.9900 

1.0223 

2.55 

l.OQQl 

.9963 

.9954 

.9896 

1.0132 

.9896 

1.0230 

2.60 

l.QOQl 

.9963 

.9951 

.9899 

1.Q135 

.9892 

1.Q236 

2.65 

l.QOOl 

.9963 

.9948 

.990 2 

1.0138 

.9888 

1.0242 

2.70 

1.0002 

.9964 

.9946 

.9905 

1.0140 

• 9684 

1.0248 

2.75 

1.0002 

.9964 

.9943 

.990 9 

1.0142 

• 9880 

1.0253 

2.80 

1.0002 

• 9965 

.9941 

.9912 

1.0143 

.9877 

1.0257 

2.85 

1.QQQ2 

.9965 

.9938 

• 9915 

1.0145 

.9873 

1.0262 

2.90 

1.QQ02 

.9965 

.9936 

.9918 

1.0146 

.9870 

1.0266 

2.95 

1.00Q2 

.9966 

.9934 

.9921 

1.0147 

.9867 

1.0269 

3.00 

1.0003 

.9966 

.993? 

.9924 

1.0148 

.9563 

1.0273 









Figure 2.- Flow chart for real-gas isentropic flow solutions. 
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)ansions of nitrogen to Mach 1.0 
re to ideal diatomic gas value. 




Figure 5-- Pressure ratios for isentropic expansions of nitrogen to various Mach 
numbers, relative to ideal diatomic gas values, p^ = 8 atm. 
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Figure 6.- Pressure ratios for isentropic expansions of nitrogen to various Mach 
numbers at saturated stream temperatures, relative to ideal diatomic gas values. 
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Figure 8,- Temperature ratios for isentropic expansions of nitrogen to Mach 1.0 
at constant unit Reynolds numbers, relative to ideal diatomic gas value. 
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Figure 10.- Temperature ratios for isentropic expansions of nitrogen to various 
Mach numbers at saturated stream temperatures, relative to ideal diatomic gas 
values . 
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Figure 12.- Density ratios for isentropic expansions of nitrogen to Mach 1.0 at 
constant unit Reynolds numbers, relative to ideal diatomic gas value. 
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Figure 16.- Isentropic stream-tube area ratio for nitrogen at Mach 2.0 and at 
constant unit Reynolds numbers, relative to ideal diatomic gas value. 
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Figure 17.- Isentropic stream-tube area ratio for nitrogen at various Mach numbers, 

relative to ideal diatomic gas values, = 8 atm. 
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Figure 22.- Stream-tube pressure distributions for nitrogen at various stagnation 
temperatures and 8-atm stagnation pressure, relative to ideal diatomic gas 
distributions . 









































































Figure 26.- Average isentropic expansion coefficients for expansions 

of nitrogen to Mach 2.0. 






































Figure 28.- Iterative procedure used to obtain real-gas 

normal-shock solutions . 





Figure 29.- Static-pressure ratio across normal shocks in nitrogen gas 
at various stagnation temperatures and pressures, relative to ideal 
diatomic gas value. M-j = 1.7. 
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Figure 31.- Total-pressure ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and pressures, relative to ideal diatomic gas value. 

= 1.7. 
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Figure 32.- Total-pressure ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and upstream Mach numbers, relative to ideal diatomic 
gas values, p,. = 8 atm. 
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Figure 3^.- Static-temperature ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and upstream Mach numbers, relative to ideal diatomic gas 
values. Pi. = 8 atm. 





Nitrogen 


S aiiliianBaBui 
aiaaaaaaaaaaaai 


aaaaaaa 

aaaiaaa 


!! 


aaaaaaaaaa 


aBBaBaaaaSBBSaaaa 

SBHSHBKHSSSr 


BBBBBBBBBBBBB 


BBBB 

BBBB 


BBBBBB BBI 




P^, atm 1 ^ 


SBsr: 


tsttt 


BBBBBBBBB 


BBflaBBBBBB^ 

BBBBBBBBBBl 


: ;= 7r7t7-7 7\z: : : =zz=:=zzz::zz^==^ ;i ^^ 


Figure 35.- Total-temperature ratio across normal shocks In nitrogen gas at various 
stagnation temperatures and pressures, relative to ideal diatomic gas value. 




m 


t,2 t,l* .994 




IS8! 


■■■■■HUB 




■■■■■■■■■■a 




is:::si 




■■■■■■■■■■■■■■■■■■■■■■■■■■I 




BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


^BB-. 

BBBBBBBBBI 

■■■bbbbbbi 


BBBBHBBBBBB 


Figure 36.- Total-temperature ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and upstream Mach numbers, relative to ideal diatomic 
gas values, p. = 8 atm. 
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Figure 38.- Static-density ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and upstream Mach numbers, relative to ideal diatomic 
gas values, p^. = 8 atm. 
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Figure 39.- Total-density ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and pressures, relative to ideal diatomic gas value. 

M, = 1.7. 


Figure 40.- Total-density ratio across normal shocks in nitrogen gas at various 
stagnation temperatures and upstream Mach numbers, relative to ideal diatomic 

= 8 atm. 


gas values, p. 






Figure 41.- Mach number downstream of normal shocks in nitrogen gas as a function 
of stagnation temperature, relative to ideal diatomic gas value. = 2.0. 
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Figure 43.- Variation of relative stream-tube pressure distribution with stagnation 

temperature at a stagnation pressure of 8 atm. 
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Variation of relative stream-tube pressure distribution with stagnation 
pressure at a stagnation temperature of 150 K. 
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Figure 46.- Variation of relative stream-tube temperature distribution with stagnation 

pressure at a stagnation temperature of 150 K. 
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Figure 47.- Variation of relative stream-tube density distribution with stagnation 

temperature at a stagnation pressure of 8 atm. 
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Figure 49.- Variation of relative stream-tube Mach number distribution with stagnation 

temperature at a stagnation pressure of 8 atm. 
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Figure 50.- Relative stream-tube Mach number distribution at a stagnation pressure 

of 10 atm and a stagnation temperature of 150 K. 
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Figure 51.- Viscosity of nitrogen (ref. 10) 
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